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STREAMFLOW, WATER-QUALITY, AND BIOLOGICAL DATA ON STREAMS 
IN AN AREA OF LONGWALL COAL MINING, SOUTHERN OHIO,

WATER YEARS 1987-89 1

By Alban W. Coen, III

ABSTRACT

This report presents data on the first 3 years of a 5-year 
study of the effects of longwall coal mining on six streams near 
a mining complex in Meigs, Gallia, and Vinton Counties, Ohio. 
Longwall coal mining is a method of underground mining in which 
75 to 90 percent of the coal is removed; conventional methods, 
such as room-and-pillar mining, remove only about 50 percent of 
the coal. Use of the longwall method is expected to increase in 
Ohio. Collapse or subsidence of the overburden and land surface 
occurs immediately after the removal of the coal. Such collapse 
can disrupt surface drainage and the recharge of ground water.

The data include streamflow, water quality, and the 
abundance and diversity of aquatic macroinvertebrates and fish. 
The data were collected from eight sites on six streams from 
July 1987 through September 1989. The drainage areas of these 
sites range from 2.04 to 80.8 square miles and include the major 
drainages of the area being mined.

Total precipitation in 1987 and 1988 in the study area 
was 78 and 81 percent, respectively, of the annual average (from 
1939 to 1989) of 39.59 inches. The total precipitation in 1989 
was 135 percent of the annual average. Streams at six of the 
eight sites were dry for parts of the first 2 years.

Specific conductance ranged from 180 to 3,500 microsiemens 
per centimeter at 25 degrees Celsius, pH ranged from 6.9 to 8.0, 
and the concentration of total recoverable iron ranged from 
80 to 1,800 micrograms per liter. Macroinvertebrate and fish 
populations indicate a warmwater-habitat rating of fair to good 
according to Ohio Environmental Protection Agency standards.

This information will help provide a data base from which 
the effects of longwall mining on streams in southern Ohio can be 
evaluated. Correlations of surface-water quality and quantity 
with longwall mining were not attempted in this study.

Water year in U.S. Geological Survey reports is the 
12-month period, October 1 through September 30. The water 
year is designated by the calendar year in which it ends. For 
example, the water year ending on September 30, 1980, is called 
the "1980 water year." Any year not specified as "water year" in 
this report is a calendar year.



INTRODUCTION

The responsibility of permitting and regulating coal min 
ing in Ohio, including longwall mining, belongs to the Division 
of Reclamation of the Ohio Department of Natural Resources 
(ODNR). In 1987, the U.S. Geological Survey (USGS), in coopera 
tion with the ODNR, began a 5-year study to determine the effects 
of longwall coal mining on streamflow, water quality, and biology 
of streams near an area of longwall coal mining in Meigs, Gallia, 
and Vinton Counties in southern Ohio.

Longwall coal mining is an efficient means of coal produc 
tion that requires less time and personnel per ton of coal 
removed than do conventional methods of underground mining, such 
as the room-and-pillar method (Rauch, 1989). Many areas in the 
coal-mining region of Ohio are geologically suited for longwall 
mining, and its use is expected to increase.

Longwall mining causes immediate collapse or subsidence of 
the ground over the mined area. The hydrologic effects of this 
subsidence on nearby streams is not fully understood. Landowners 
near areas of longwall mining have complained of a reduction or 
loss of water in streams, farm ponds, and wells (Harry Payne, 
Ohio Department of Natural Resources, oral commun., 1987).

Purpose and Scope

This report presents the first 3 years of data for a 5-year 
study to determine the quantity and quality of water and the 
abundance and diversity of aquatic macroinvertebrates and fish at 
eight stream sites near an active longwall coal mine in southern 
Ohio. The report also describes the longwall mining technique, 
the study area, the precipitation during the 3-year data- 
collection period, and the study methodology. The discharge data 
in this report are from three continuous-record stations 
and five partial-record stations in the area of the mine, and 
from one continuous-record station in an adjacent unmined basin. 
The water-quality and biological data are from yearly samples or 
surveys at the eight sites.

Overview of Longwall Coal Mining

Conventional room-and-pillar mining can remove only about 
50 percent of the coal in a seam because pillars are left to 
support the roof. Longwall mining is a method of underground 
mining that removes 75 to 90 percent of the coal from the coal 
seam, and the roof is allowed to collapse (Burgess and Niple, 
Ltd., 1986). Conventional room-and-pillar mining is commonly 
used first, and the area to be longwall mined is left intact in 
rectangular-shaped panels. The panels in southern Ohio are 
about 9,000 ft long and 1,000 ft wide.



The coal is mined by use of a shearer, which is moved 
continuously back and forth across the width of the longwall 
panel (fig. 1). Each pass of the shearer advances the working 
face about 18 in. The coal falls onto the stage loader and is 
carried to the surface.

The shearer and the operators are protected by a series of 
hydraulic roof supports. The roof supports advance as the work 
ing face progresses across the longwall panel, and the roof rocks 
and overburden collapse behind them. Room-and-pillar mines also 
can collapse; however, the collapse usually takes place years 
after the mines have been abandoned.

Four zones of disturbance associated with the collapse from 
longwall mining (Rauch, 1989) caving, deep fracturing, aqui- 
clude, and surface-rock fracturing are shown in figure 2. The 
number and extent of these zones depend on the thickness and 
composition of the overburden.

The zone of caving is formed by the collapse of the roof 
and overburden and is 4 to 6 times as thick as the mined seam 
(fig. 2). This zone of caving has an increased porosity and 
permeability. Above the caved zone, new fractures can form, 
and existing fractures or joints can widen into the zone of 
deep fracturing. The zone of deep fracturing can extend upward 
as much as 60 times the mined thickness. Layers of rock can 
slide along bedding planes as the rocks sag. Competent rocks, 
such as limestone and sandstone, can fracture, whereas incom 
petent deposits such as shales and clays can deform. The 
aquiclude zone is above the zone of deep fracturing. In the 
aquiclude zone, rocks may be horizontally compressed, may have 
poor vertical permeability, and may not show any new fractures. 
At the surface, fractures due to tension can form above the 
margins of the panels, and compression joints can form above 
centers of the panels. These tension fractures and compression 
joints can increase the permeability of the rock. In time, 
precipitation can wash material into surface cracks and reseal 
the fissures (Rauch, 1989).

The surface expression of mine subsidence depends on the 
surface topography and the types and thickness of the overlying 
rocks and soil (Peng and Chiang, 1984). Subsidence of the 
surface in southern Ohio can be as much as 3 ft (Harry Payne, 
Ohio Department of Natural Resources, oral commun., 1987).

Subsidence associated with longwall mining can affect 
surface- and ground-water supplies. The length of time water 
supplies can be affected can range from days to years. Streams 
can be dewatered. Springs can dry up or be reduced in flow. 
New springs can form at lower elevations. Water levels in wells 
can be lowered, and aquifer permeabilities can be increased as 
a result of fracturing. Previous reports on longwall mining in 
the study area include those of Burgess and Niple (1986), Tieman 
and Rauch (1986), and Ground Water Associates, Inc. (1984).
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Figure 2. Fracture zones in overburden above a longwall panel (modified from Rauch, 1989).



These reports note localized dewatering (sometimes of short 
duration) of streams and wells, and they suggest that longer 
studies are needed. Cifelli and Rauch (1986) and Shultz (1989) 
discuss dewatering of surface- and ground-water supplies near a 
longwall mining operation in West Virginia.

Description of the Study Area

The study area (fig. 3) encompasses about 400 mi 2 and 
includes parts of Meigs, Gallia, and Vinton Counties in southern 
Ohio. It includes three underground coal mines near Wilkesville, 
Ohio, an area of farms and forest. The study area is character 
ized by a dissected landscape of steep rounded hills and narrow, 
V-shaped valleys (Stout, 1927). Elevations range from 560 ft to 
more than 900 ft above sea level, and local relief averages 
about 200 ft. The area lies between, and is drained by, Raccoon 
and Leading Creeks. Both streams discharge into the Ohio River.

The rock in the area consists of Pennsylvanian sedimentary 
rocks that dip gently to the southeast. A generalized geologic 
column is shown in figure 4. The rocks contain repetitive 
sequences (or cyclothems) of sandstone, shale, claystone, 
limestone, and coal. The thicknesses and areal extent of indiv 
idual members are not uniform; in other words, individual members 
may not underlie the entire study area. The hills and most of 
the valley floors are underlain by shales, sandstone, and lime 
stone, all of the Conemaugh Formation, and contain little econ 
omically minable coal. The Conemaugh Formation is underlain by 
the Allegheny Formation, which contains several minable coals. 
The Clarion (number 4A) coal, for example, is mined in the study 
area. The coal is 50 to 450 ft below the surface, depending on 
the topography, and is usually 4 to 5 1/2 ft thick. The coal, 
however, is not present in all places. Sandstone members in the 
Conemaugh and Allegheny Formations form a series of stacked, 
perched aquifers. Seeps or springs form at sandstone outcrops. 
Yields from dug or drilled wells completed in the sandstone 
average about 4 gal/min (Ground Water Associates, Inc., 1984).

Precipitation during the Study Period

A general drought occurred in Ohio during the summers of 
1987 and 1988. The spring and summer of 1989, on the other hand, 
were wet in most of Ohio. The average annual precipitation for 
the study area during 1931-89 is 39.59 in. (unpublished data, 
Southern Ohio Coal Company, 1990). Precipitation totals for 
1987, 1988, and 1989 (table 1) were 79.8, 83.0, and 139 percent, 
respectively, of the average annual precipitation during 1931-89.
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METHODS OF STUDY

Streamflow was measured, and water-quality and biological 
samples were collected at eight sites (fig. 3). The sites were 
selected to include the major drainage basins in the mined areas. 
Drainage areas ranged from 2.04 to 80.8 mi 2 (table 2).

Streamflow Measurement

Streamflow-gaging stations equipped to collect continuous 
gage-height data were installed at three sites. Data collection 
at these three sites began in October 1987. Frequent Streamflow 
measurements were made to develop a relation between gage height 
and Streamflow. Although the gage height was recorded at Strongs 
Run near Ewington throughout the year, the stations at Zinns 
Run near Radcliff and at Leading Creek below Carpenter were 
not operated during the winter months of the 1989 water year. 
Measurement of instantaneous Streamflow at the remaining five 
sites began in 1988. Periodic Streamflow measurements were made 
during base flow, three times each in water years 1988 and 1989. 
A stream is at base flow when all or virtually all the water in 
a stream originates from ground-water discharge to the stream.

Streamflow also was measured at the USGS continuous-record 
streamflow-gaging station at Shade River near Chester, about 
20 mi east of the study area (figure 5). The Shade River flows 
through terrain similar to that in the study area, except that 
the area near Chester contains no longwall mining. Streamflow in 
the mined area was compared with the Streamflow from the unmined 
area. More than 20 years of Streamflow record for the Shade 
River site was available at the date of writing.

Water-Quality Sampling

Water samples from each site were collected by use of the 
Office of Water Data Coordination (1977) in the spring of each 
year according to USGS sampling techniques. The pH, specific 
conductance, alkalinity, dissolved oxygen concentration, and 
temperature of each sample were determined in the field.

10



T
a
b
l
e
 
2
.
-
-
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
of

 
d
a
t
a
-
c
o
l
l
e
c
t
i
o
n
 
s
i
t
e
s

N
u
m
b
e
r
 
a
n
d
 

n
a
m
e
 
of
 
s
i
t
e

3
9
0
4
1
3
0
8
2
1
8
0
9
0
0
 

S
t
r
o
n
g
s
 
R
u
n
 
n
e
a
r

Wi
 I
k
e
s
v
i
 1

 1
 e
  
 
  
 
 
 -
-
-
 1

0
3
2
0
1
9
4
7
 

S
t
r
o
n
g
s
 
R
u
n
 
n
e
a
r

3
9
0
5
4
5
0
8
2
1
3
5
3
0
0
 

D
e
x
t
e
r
 
R
u
n
 
n
e
a
r

_ 
. 

1

0
3
1
6
0
0
0
7
 

L
e
a
d
i
n
g
 
C
r
e
e
k
 
b
e
l
o
w

3
9
0
2
2
2
0
8
2
0
9
2
2
0
0
 

L
e
a
d
i
n
g
 
C
r
e
e
k
 
n
e
a
r

0
3
2
0
1
9
2
9
 

Z
i
n
n
s
 
R
u
n
 
n
e
a
r

R
a
d
c
l
i
f
f
 
-
-
-
-
  
  
 -
- 
 

3
9
0
2
4
8
0
8
2
2
0
4
1
0
0
 

F 
1 a

t 
1 

i 
ck
 
R
u
n
 
n
e
a
r

Wi
 1

 k
e
s
v
i
 1

 l
e-
  
 
  
 
 
 
 1

3
9
0
7
5
9
0
8
2
1
5
5
1
0
0
 

U
n
n
a
m
e
d
 
T
r
i
b
u
t
a
r
y
 
to
 

O
g
d
e
n
 
R
u
n
 
n
e
a
r

0
3
1
5
9
5
4
0
 

S
h
a
d
e
 
R
i
v
e
r
 
n
e
a
r

C
h
e
s
t
e
r

2

T
y
p
e
 
of

 
d
a
t
a
 
c
o
l
l
e
c
t
e
d

C
o
n
t
 i
n-

 
P
a
r
t
i
a
l
 

u
o
u
s
 
- 

D
r
a
i
n
-
 

s
t
r
e
a
m
-
 

s
t
r
e
a
m
-
 

a
g
e
 

f
l
o
w
 

f
l
o
w
 

W
a
t
e
r
 

L
a
t
i
t
u
d
e
 

L
o
n
g
i
t
u
d
e
 

a
r
e
a
 

r
e
c
o
r
d
 

r
e
c
o
r
d
 

q
u
a
l
i
t
y

3
9
°
0
4
'
1
3
"
N
 

8
2
°
1
8
'
0
9
"
W
 

5
.
6
0
 

X
 

X
 

3
9
°
0
1
'
3
5
"
N
 

8
2
°
2
0
'
1
6
"
W
 

1
5
.
8
 

X 
X 

3
9
°
0
5
'
4
5
"
N
 

8
2
°
1
3
'
5
3
"
W
 

7
.
6
0
 

X 
X 

3
9
°
0
9
'
4
4
"
N
 

8
2
°
1
3
'
1
2
"
W
 

1
3
.
3
 

X
 

X
 

3
9
°
0
2
'
2
2
"
N
 

8
2
°
0
9
'
2
2
"
W
 

BO
. 
8 

X 
X 

3
9
°
0
7
'
3
9
"
N
 

8
2
°
2
1
'
0
8
"
W
 

3
.
4
1
 

X 
X 

3
9
°
0
2
'
4
8
"
N
 

8
2
°
2
0
'
4
1
"
W
 

7
.
0
0
 

X
 

X

3
9
°
0
7
'
5
9
"
N
 

8
2
°
1
5
'
5
1
"
W
 

2
.
0
4
 

X 
X 

3
9
°
0
3
'
4
9
"
N
 

8
1
°
5
2
'
5
5
"
W
 

15
6 

X 
X

C
o
n
t
i
n
u
o
u
s
 
d
i
s
c
h
a
r
g
e
 
d
a
t
a
 
c
o
l
l
e
c
t
e
d
 
f
r
o
m
 
M
a
y
 
t
h
r
o
u
g
h
 
O
c
t
o
b
e
r
 
e
a
c
h
 
y
e
a
r
.

2
m
i
n
i
n
g
 
T
h
i
s
 
s
t
a
t
i
o
n
 
is
 
in

 
a
n
 
a
r
e
a
 
s
i
m
i
l
a
r
 
to
 
t
h
e
 
s
t
u
d
y
 
a
r
e
a
 
b
u
t
 
d
o
e
s
 
n
o
t
 
c
o
n
t
a
i
n
 
l
o
n
g
w
a
l



82° 15

39° 15'-

STUDY AREA

02 4 68 10 MILES

0 2 4 6 8 10 KILOMETERS

EXPLANATION

STUDY AREA 

GAGING STATION

Figure 5. Location of gaging station at Shade River near Chester, Ohio, in relation to study area.
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Concentrations of dissolved and total iron, dissolved and total 
manganese, dissolved and total aluminum, and dissolved sulfate 
were determined at the USGS National Water Quality Laboratory 
(Fishman and Friedman, 1989).

Streams were dry and were not sampled at three of the eight 
sites in 1987. All eight sites were sampled in 1988. Streams at 
two sites were dry and were not sampled in 1989.

Collection of Stream-Biology Data

The abundance and diversity of aquatic macroinverte 
brates (such as insects, crayfish, and worms) in the stream 
channel were inventoried by personnel from the OEPA. Hester-

2 Dendy Multiplate samplers were placed on the streambeds in
shallow water at each of the sites yearly in late spring. 
The samplers are a series of 3-inch-square fiberboard plates that 
function as an artificial substrate to which aquatic organisms 
can attach. The samplers were retrieved 6 weeks later, and any 
attendant macroinvertebrate organisms were preserved with alcohol 
(Ohio Environmental Protection Agency, 1987).

When the samplers were retrieved, an additional sample of 
macroinvertebrates from rocks, weeds, and substrate in the stream 
channel was collected by use of nets and scrapers. Stream condi 
tions and a description of the surrounding habitat were recorded 
at each site (Ohio Environmental Protection Agency, 1987).

The macroinvertebrate samples were examined in the OEPA 
Division of Water Quality, Planning and Assessment laboratory, 
where they were identified and counted (Ohio Environmental 
Protection Agency, 1989a). An Invertebrate Community Index 
(ICI) value was determined for each sample. ICI values are 
determined by comparison of the abundance and diversity of the 
species found in the sample with data from reference sites of 
varying water quality. The ICI value can be compared with ICI 
values for other streams in the OEPA Western Allegheny Plateau 
ecoregion (of which these streams are a part) and can be used 
as a general indicator of water quality (Ohio Environmental 
Protection Agency, 1987, 1989b). ICI values above 36 indicate 
good warmwater habitat, values from 11 to 36 indicate fair 
habitat, and values below 11 indicate poor habitat.

In 1987, six of the eight samplers were unable to be 
analyzed because the streams dried up before the samplers were 
retrieved. In 1988, in anticipation of continuing dry weather, 
the samplers were installed earlier in the spring. All plates

9
Use of brand names in this report is for identification

purposes only and does not constitute endorsement by the 
U.S. Geological Survey.
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were recovered. The organisms were at a younger stage of dev 
elopment than is ideal for identification and for comparison with 
other samples in the OEPA's data base. In 1989, two of the eight 
samplers were buried by shifts in streambeds.

The abundance and diversity of fish in the streams at the 
eight sites were inventoried by personnel from ODNR, Division 
of Natural Areas and Preserves. Fish were collected by use of a 
1,750-watt electroshocker, nets, and seines, and were identi 
fied, counted, and returned to the stream. Fish counts were made 
only in 1987.

STREAMFLOW DATA

Daily mean streamflows at the three gaged sites and at Shade 
River near Chester are presented in table 4 (at back of report); 
instantaneous discharges for the remaining five sites are listed 
in table 3. Streams at six of the eight sites were dry for parts 
of the 1987 and 1988 water years.

A comparison of monthly mean streamflows for water years 
1987-89 with mean monthly streamflows for 25 years of record for 
Shade River near Chester, Ohio indicates that streamflows were 
below average for most of 1987 and 1988 and that streamflows in 
most of 1989 were above average (fig. 6).

These abnormal precipitation and streamflow conditions could 
make it difficult to determine changes in streamflow, water qual 
ity, and biology resulting from longwall mining during these 
years.

WATER-QUALITY DATA

Water-quality analyses for the eight sites are listed in 
table 5 (at back of report). Streams at some sites were nearly 
dry or dry during 1987 and (or) 1988. Specific conductance 
ranged from 156 to 3,500 pS/cm. The pH ranged from 6.9 to 8.0. 
Concentration of total recoverable iron ranged from 80 to 
1,800 pg/L. Concentration of dissolved sulfate ranged from 
15 to 1,500 mg/L. Concentration of dissolved aluminum ranged 
from less than 10 to 50 pg/L. Concentration of dissolved 
manganese ranged from 30 to 2,200 pg/L.

BIOLOGICAL DATA

The Invertebrate Community Index (ICI) values for each of 
the sites are shown in figure 7. The ICI values ranged from 16 
to 40. Two samples indicated "good" warmwater habitat in 1989.
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The remaining 1989 samples and all the samples from 1987 and 1988 
indicated "fair" warmwater habitat. The range in the 1989 sample 
(16-40) could be attributed to the variable effect of sediment- 
laden water, which could affect the ability of macroinvertebrates 
to attach to the samplers.

The number of fish species identified at each site ranged 
from 8 to 29. The total number of individual fish counted at 
each site ranged from 30 to 965.

Macroinvertebrate species found at each site are listed in 
table 6 (at back of report). Fish species found at each site are 
listed in table 7 (at back of report).

SUMMARY

Data on streamflow, water quality, and abundance and divers 
ity of macroinvertebrates and fish were collected at eight sites 
during the first 3 years of a 5-year study of the effects of 
longwall coal mining on streams near an active mining complex in 
southern Ohio. The data collected are the beginnings of a data 
base documenting streamflow, stream-water quality, and stream 
biology of eight streams in an area of longwall coal mining. 
Eventually, these data will provide a base from which the effects 
of longwall mining on streams in southern Ohio can be determined. 
Correlations between streamflow, stream-water quality, and stream 
biology and longwall mining have not been attempted.

Precipitation in 1987, 1988, and 1989 was 80, 83, and 
139 percent, respectively, of the 39.59-in. average for the study 
area. Several streams were dry for periods in 1987 and 1988.

Specific conductance ranged from 180 to 3,500 yS/cm. The 
pH ranged from 6.9 to 8.0. Concentration of total recoverable 
iron ranged from 80 to 1,800 ug/L. Concentration of dissolved 
sulfate ranged from 15 to 1,500 mg/L. Concentration of dis 
solved aluminum ranged from less than 10 to 50 ug/L. Concen 
tration of dissolved manganese ranged from 30 to 2,200 yg/L.

The ICI values for macroinvertebrates ranged from 16 to 40. 
Two samples in 1989 indicated "good" warmwater habitat. The 
remaining 1989 samples and all the samples from 1987 and 1988 
indicated "fair" warmwater habitat. The number of fish species 
identified for sites in the study area ranged from 8 to 29. 
The total number of individual fish counted at each site ranged 
from 30 to 965.

18



REFERENCES CITED

Burgess and Niple, Ltd., 1986, Hydrology of Meigs mining complex, 
Southern Ohio Coal Company: Columbus, Ohio, 34 p.

Cifelli, R.C., and Rauch, H.W., 1986, Dewatering effects from 
selected underground coal mines in north-central West 
Virginia, in 2d Workshop on Surface Subsidence due to 
Underground Mining, Morgantown, W. Va., Proceedings: 14 p.

Columbus Dispatch, January 24, 1988, Columbus, Ohio.

Fishman, M.J., and Friedman, L.C., 1989, Methods for determin 
ation of inorganic substances in water and fluvial sedi 
ments: U.S. Geological Survey Techniques of Water- 
Resources Investigations, book 5, chap. Al, 626 p.

Ground Water Associates, Inc., 1984, Effects of land subsidence
on the hydrologic balance in the vicinity of the Meigs No. 2 
mine, Meigs and Vinton Counties, Ohio: Westerville, Ohio, 
65 p.

Office of Water Data Coordination, U.S. Geological Survey, 1977, 
National handbook of recommended methods for water-data 
acquisition: Reston, Va., U.S. Department of the Interior 
[variable pagination].

Ohio Environmental Protection Agency, 1987, Biological criteria 
for the protection of aquatic life User's manual for 
biological field assessment of Ohio surface waters, 
volume II: Columbus, Ohio, Division of Water Quality 
Monitoring and Assessment, 180 p.

    1989a, Ohio EPA manual of surveillance methods and quality 
assurance practices: Columbus, Ohio, Division of 
Environmental Services, 43 p.

    1989b, Addendum to biological criteria for the protection 
of aquatic life User's manual for biological field 
assessment of Ohio surface waters, volume II: Columbus, 
Ohio, Division of Water Quality Monitoring and Assessment, 
21 p.

Peng, S.S., and Chiang, H.S., 1984, Longwall mining: New York, 
John Wiley, 708 p.

Rauch, H.W., 1989, A summary of the ground water impacts from 
mine subsidence in the north central Appalachians: The 
Eastern Mineral Law Foundation, 31 p.

Shultz, R.A., 1989, Ground-water hydrology of Marshall County, 
West Virginia, with emphasis on the effects of longwall 
coal mining: U.S. Geological Survey Water-Resources 
Investigations Open-File Report 88-4006, 147 p.

19



Stout, Wilber, 1927, Geology of Vinton County: Ohio Geological 
Survey Bulletin 31, 363 p.

Tieman, G.E., and Rauch, H.W., 1986, Study of dewatering effects 
at an underground longwall mine site, in the Clarion 4A seam 
of the northern Appalachian coalfield: White Plains, N.Y., 
Malcolm-Pirnie, Inc., 70 p.

20



T
a
b
l
e
 
4
.
-
-
D
a
l
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
1
o
w
s
 
at
 
s
t
u
d
y
 
s
i
t
e
s
,
 
w
a
t
e
r
 
y
e
a
r
s
 
1
9
8
8
-
8
9
 

[
D
a
s
h
e
s
 
i
n
d
i
c
a
t
e
 
n
o
 
d
a
t
a
 
a
v
a
i
l
a
b
l
e
]

D
a
i
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
,
 

in
 
c
u
b
i
c
 
f
e
e
t
 
p
e
r
 
s
e
c
o
n
d
,
 
w
a
t
e
r
 
y
e
a
r
 
1
9
8
8
 
(
O
c
t
o
b
e
r
 
1
9
8
7
 
t
o
 
S
e
p
t
e
m
b
e
r
 
1
9
8
8
)

m
e
a
n
 
v
a
l
u
e
s

D
a
y

O
c
t
 .

N
o
v
.

D
e
c
 .

J
a
n
.

F
e
b
.

M
a
r
.

A
p
r
.

M
a
y

J
u
n
e

J
u
l
y

A
u
g
.

S
e
p
t
.

0
3
2
0
1
9
4
7
 

S
T
R
O
N
G
S
 
R
U
N
 
N
E
A
R
 
E
W
I
N
G
T
O
N
,
 
O
H
I
O

1 2 3 4 5 6 7 8 9 10 1 
1

12 13 14 15 16 17 18 19 2
0

21 2
2

2
3

2
4
2
5 2
6

2
7

2
8
2
9
3
0

31

T
o
t
a
l

M
e
a
n

M
a
x
 1 
m
u
m

M
i
n
i
 m
u
m

0
.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

0
.
0
0

.
0
0
0

.
0
0

.
0
0

0
.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

-
-

0
.
0
0

.
0
0
0

.
0
0

.
0
0

0
.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.0
1

.
0
0

.
0
0

.
0
5

.
5
3

.
9
6

.
9
4

.
8
5

.
8
2

1 .
 1

1 
.2 1 .
 1

1 .
 1

1 .
 1

1 
.4

7
.
7

5
.
3

3
.
4

2
.
7

2
.
2

1 
.9

3
4
.
3
6

1
.
1
1

7
.
7 .
0
0

1 
.9

1 
.9

1 
.8

1 
.2 .
8
0

.
5
0

.3
1

.2
8

. 
2
7

.
2
5

.2
4

.2
3

.
2
2

.2
2

.2
1

1 
. 

1
1 
.5

2.
 1

3
.
8

3
7 1 
1 7.
 1

5.
 1

3
.
7

3
.
2

2
.
4

2
.
2

2
.
0

1 
.9

2
.
0

2
.
2

9
8
.
6
3

3.
 1
8

3
7
.2
1

2
.
8

2
4
6
7
0

5
4 2
3 2
.
5

4
.
0

8.
 1

6
.
9

5
.
9

5
.
3

5
.
2

4.
 1

2
.
0

3
.
7

3
.
2

2
.
7

2
.
3

2
.
9

5
.
8

4
.
2

3
.
5

3
.
7

3
.
4

2
.
9

2
.
2

2
.
3

2.
 1

1 
.8 _
_
-
-

4
8
6
.
5

1
6
.
8

2
4
6 1 
.8

1 
.6

1 
.3

2
.
3

1
8
9

9
8 2
2

2
2

3
9 2
2 8
.
5

6
.
9

6
.
5

12 9
.
2

7
.
6

6
.
8

6
.
4

6
.
3

8.
 1

7.
 1

6
.
0

5
.
3

5
.
0

4
,
9

4
.
6

5
.
5

5
.
3

4
.
5

4
.
5

4.
 1

4
.
0

5
3
6
.
3

1
7
.
3

1
8
9 1 
.3

4.
 1

4
.
0

5
.
0

9
8 2
2 15 16 14 1 
1 9
.
5

8
.
4

7
.
2

6
.
2

5
.
2

4
.
4

3
.
9

3
.
7

7.
 1

10
7
.
2

6
.
3

6
.
3

6
.
6

5
.
5

4
.
8

4
.
4

1 
.9

3
.
6

3
.
6

3
.
2 -
-

3
0
8
.
 1

1
0
.
3

9
8 1 
.9

2
.
9

2
.
6

2
.
4

2
.
2

2
.
5

4
.
3

3
.
5

2
.
9

2
.
7

3
.
3

2
.
7

2
.
2

1 
.9

1 
.9

1 
.8

1 
.6

1 
.4

1 
.2

1 
.2

1 
. 

1

1 
. 

1
1 
.8

1 
.6

1 
1 5
.
4

3
.
0

1 
.9

1 
.4

1 
. 

1
.
9
2

.
7
5

7
6
.
2
7

2
.
4
6

1 
1
.
7
5

0
.
6
9

.
6
2

.
5
6

.
5
4

.
5
6

.5
1

.4
8

.4
8

.4
7

.4
8

.4
7

.
4
5

.4
6

.6
1

.4
1

.3
4

.
3
3

.3
2

.
3
0

.
3
0

.
3
0

.
3
0

.
2
8

.2
7

.2
4

.2
4

.
2
2

.
2
0

. 
19

.2
1 -
-

1 
1 
.8
3

.
3
9

.6
9

. 
19

0
.
2
1

.
2
0

. 
18

. 
15

. 
1 

1

.
0
6

.0
1

.
0
0

.
0
0

.
2
5

.
3
0

.
2
3

.
2
0

.1
8

. 
16

.
0
7

.
0
0

.
0
0

.
0
0

. 
16

.
3
0

.
2
0

. 
18

. 
16

. 
1 

1

.
0
5

.
0
2

.
0
0

.
0
0

.
0
0

.
0
0

3
.
4
9

. 
1 

1
.
3
0

.
0
0

0
.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

0
.
0
0

.
0
0
0

.
0
0

.
0
0

0
.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

-
-

0
.
0
0

.
0
0
0

.
0
0

.
0
0



T
a
b
l
e
 
4
.
-
-
D
a
l
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
s
 
at

 
s
t
u
d
y
 
si
te
s,
 
w
a
t
e
r
 
y
e
a
r
s
 
1
9
B
B
-
B
9
-
-
C
o
n
t
1
n
u
e
d

D
a
i
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
,
 

1n
 
cu

bi
c 

fe
et
 
pe

r 
s
e
c
o
n
d
,
 
w
a
t
e
r
 
y
e
a
r
 
19

89
 
(
O
c
t
o
b
e
r
 
19

88
 
to

 
S
e
p
t
e
m
b
e
r
 
19

89
),

m
e
a
n
 
v
a
l
u
e
s

to
 

to

Da
y

Oc
t 

.
No
v.

De
c 

.
Ja

n.
Fe
b.

Ma
r.

A
p
r
.

M
a
y

J
u
n
e

J
u
l
y

A
u
g
.

S
e
p
t
 .

0
3
2
0
1
9
4
7
 

S
T
R
O
N
G
S
 
R
U
N
 
N
E
A
R
 
E
W
I
N
G
T
O
N
.
 
O
H
I
O
-
-
C
o
n
t
 i

 n
u
e
d

1 2 3 4 5 6 7 8 9 10 1 
1

12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31

T
o
t
a
l

M
e
a
n

M
a
x
 1
m
u
m

M
i
n
i
m
u
m

0
.
0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

0
.
0
0

.
0
0
0

.0
0

.0
0

0
.
0
0

.0
0

.0
0

.0
0

.0
1

.0
2

.0
2

.0
2

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
7

4
0 25
4
.
9

1 
.8

1 
. 

1
.8
4

.7
5

.6
8

.6
8

.9
0

.6
8 --

7
7
.
4
7

2
.
5
8

4
0
.0
0

0
.
5
0

.3
4

.2
8

.2
5

.2
2

. 
IB

. 
13

. 
1 

1
.0

9
.0
9

.0
9

.0
9

.0
9

.0
9

.0
9

.0
9

. 
13

. 
10

.0
9

.0
8

.0
9

.5
0

3
.
8

10
8

4
3 1 
1 8
.
2

15 16 9
.
7

7
.
8

2
2
6
.
2
2

7
.
3
0

10
8
.0
8

15 15 10 8
.
4

7
.
3

20 19 61 22 12 9
.
4

15
1 63 23 7
4

4
6 35 25 17 1 
1 7
.
6

5
.
4

5
.
0

5
.
7

5
.
4

5
.
2

7
.
8

6
.
4

5
.
6

5
.
6

7
.
0

7
1
0
.
8

2
2
.
9

15
1 5
.
0

5
.
7

5
.
4

8
0 5
6

30 17 1 
1 9
.
9

7
.
4

6
.
4

5
.
8

5
.
2

5
.
0

4
.
8

4
.
5

6
0
0

3
0
0 60 20 18

19
5

5
4 25 IB 15 18 24 20  -- --

16
21
 .

 1
5
7
.
9

6
0
0 4
.
5

19 15 13 12
3
4
5

3
0
0
8
0

4
0 25 20 17 13 12 10 9
.
8

8.
 1

7
.
6

9
.
2

9
.
5

21 15
5

37 22 17 14 1 
1

10 9
.
0

16
2
0
0

25
1

1
7
2
8
.
2

5
5
.
7

3
4
5 7
.
6

84 37 36 89 10
7 3
6 28 2
5 28 19 15 12 1 
1 9
.
3

9
.
7

9
.
2

8
.
0

8
.
6

10
4 26 17 13 10 8
.
8

9
.
0

7
4
5

19
8

5
4
2

5
9
3

37
1 --

3
2
0
8
.
6

10
7

7
4
5 8
.
0

10
4

81 5
0 3
0

64 36 25 19
12
6

12
2

4
0 27 23 51 15
4 56 3
0 20 15 12 12 9
.
0

13 16 23

18
7

4
2 19 14 1 
1 7
.
8

1
4
3
8
.
8

4
6
.
4

18
7 7
.
8

6.
 1

4
.
9

4
.
6

6
.
5

12
7 32 14 9.

 1
1 

1 9
.
4

6
.
5

7
.
4

10 8
.
9

17 21 13 8
.
0

6
.
9

2
1
4 33 24 16 10 7
.
3

6
.
2

4
.
6

87 16 8
.
8 -
-

7
5
0
.
2

2
5
.
0

2
1
4 4
.
6

6
.
5

5
.
2

6
.
3

28 15
3 16 9
.
4

6
.
7

5.
 1

3
.
4

2
.
6

2
.
4

2
.
3

1 
.9

1 
.4

1 
.0 .7
4

.6
4

1 
.5

3
.
3

1 
.2 .7
0

.4
5

.3
4

.2
9

. 
19

. 
15

.4
0

.2
3

. 
17

.2
4

26
1 
.7
4

8
.
4
4

15
3

. 
15

0.
 1
8

. 
15

. 
14

. 
14

.2
0

.2
8

.2
1

. 
IB

. 
17

. 
17

. 
12

. 
10

. 
10

. 
10

. 
10

. 
10

. 
10

. 
15

. 
19

. 
19

.6
6

.2
9

1 
1

19 9
.
5

3
.
3

1 
.4

1 
.7

4
.
7

1 
15 5
.
8

1
7
5
.
4
2

5
.
6
6

1 
15

. 
10

3
.
3

5
.
2

1 
.9

1 
.2

1 
.0 .9
5

.9
8

.0 . 
1

. 
1

. 
1

. 
1

. 
1

1 
.3

2.
7

2.
 1

3.
8

2.
 1

1 
.5

1 
.2

1 
. 

1
6
.
2

15
8

13
4 25 10 5
.
4

4
.
3

3
.
7

3
.
2 --

3
8
6
.
6
3

12
.9

15
8
.9
5



^

03 
03 
O1

t_ 
0)
A
E
0>

 4->

a 
a> 
i/)

0
 *->
r*»
03
en

L. 
0)

4->

U
0

00 
03 
CJ>

ter year i values

a a
X 01

E
 o
c
0 
U

W

L. 
01
a 

 *- 
0)

U

n
3 
U

imf 1 ow . 1 r

0)
«_

 4->

w

c 
m
0)
E 

X

m 
o

 M

a.
0)

O)
3

X

3

01

~3 

X
m
2

(_ 
a

L. 
(0
5 

n
0)

c 
a

u
0)

>
0

 *-> 
u

X

a

o
x 
o

u. 
u.
l-l
_J

Q
< 
ce
cc
<
UJ z
 z. 
:D 
ce
on z. 
-z.

201929

o o o o o 
o o o o o
o

o o o o o 
o o o o o

o

in in in tn CM 
o o o o o

o

00 03 03 l*» tO

o

^ en to *r r*» 
<o in in in ao

o

o o 
o o

o in en f- - in  -

CO CM
r*» r*» O)

o  - r- o
(O 00 

CM

(O

in CM co  -

co in CM o <o 
<o <o in <T n
o

o o o o o 
o o o o o

o

o o o o o 
o o o o o
o

o o o o o 
o o o o o

o 

 - CM n *r in

o o o o o 
o o o o o

o o o o o 
o o o o o

O O O O (O
o o o o o

in *r co co «r

  «- o
T O 03 03 l*»

in *r r- «r <o

r~ <o «r co CM

CO

<r o  -  - CM 
in 03 o  -
U3 U3 T

o *r CM

CM 03 (O CO   
CO CM CM CM CM

O O O O O 
O O O O O

O O O O O
o o o o o

o o o o o 
o o o o o

to r*» co 01 o

o o o o o 
o o o o o

o o o o o
00000

o> co in in T
Q f- O o o

«- co r- o in

in   03 o CM 
in in «r in *r

o r» *r co  -
CM  - - - r-

<D f~ CO O T

 -  - CO CM r-

cn
O) CO CO  - CM

O O) 00 CO CM 
M  - - -  

O O O O O
o o o o o

o o o o o 
o o o o o

o o o o o 
o o o o o

  CM co *r in

o o o o o 
o o o o o

o o o o o 
o o o o o

o o o o in 
o o o o o

 - oo oo r*» r-

in en <o o co
CO CM CM CO CO

<T
o> CM o n in

 - CM CO CM

oo ^ co en
en r- oo «- <o

<o r» 
o en en in o

«- in   
CM <r co <o in

CM O)

o o o o o 
o o o o o

o o o o o 
o o o o o

o o o o o 
o o o o o

to r*» 03 en o

o o o o o 
o o o o o

o o o o o 
o o o o o

a> to «r «r co
o o o o o

i^ r» r*» to (o

n co in o
CO CO 00 <O <O

o u> in <o co
CM  -  -  -  -

N «- «) «- r*.
CO CM  -  - O

o> <o in co  -

*r  -
CM CO O 03 I*-

CM  -  -

o o o o o 
o o o o o

o o o o o 
o o o o o

O Q O O O
o o o o o

i- CM co *r in

O O O O O 1 
O O O O O 1

o o o o o o 
o o o o o o

o o o o o o 
o o o o o o

(O in in in in i

03 en «r CM en oo
CO CM CM CM  -  -

u> (O in co i
*- O) CD <D t~* 1

CM CO O O O O 
 - O O O O O

r-»  - i i
«- O 00 03 1 1

CJ) CM  - CM CO CM
to to in in in in

co CM N u> n 
co r- <o in «T «T
CM

o o o o o i
O O O O O 1

O O O O Q O
o o o o o o

to r^ 03 en o «-

o 
o o o o 
o o o o

o

o 
o o o o 
o o o o

o

in co co o 
a> o   o

o

CM  - o in

CO

i^ in 03
«- in <o  

r-  

sr in o 
in 03 o

in T en 
sr in

(D O 
O CM O

T 00 O 
^ CO CO 
  <D 
CM

O 00 «-
r~ Is- oo

en in

en en CM
u> 03 in  -

r» en
CM

<o r» o
^-  - CO O

in CM

o 
o o o o 
o o o o
o

o 
o o o o 
o o o o

o 

E E
3 3 

- E E
(0 C --  

o a> <o -- 
H2 22

23



T
a
b
l
e
 
4
.
-
-
D
a
i
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
s
 
at

 
s
t
u
d
y
 
s
i
t
e
s
,
 
w
a
t
e
r
 
y
e
a
r
s
 
1
9
8
8
-
8
9
-
-
C
o
n
t
1
n
u
e
d

D
a
i
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
,
 

in
 
c
u
b
i
c
 
f
e
e
t
 
p
e
r
 
s
e
c
o
n
d
,
 
w
a
t
e
r
 
y
e
a
r
 
1
9
8
9
 
(
O
c
t
o
b
e
r
 
19

88
 
to
 
S
e
p
t
e
m
b
e
r
 
1
9
8
9
)
,

m
e
a
n
 
v
a
l
u
e
s

to

D
a
y

O
c
t
 .

No
v.

D
e
c
.

J
a
n
.

Fe
b.

M
a
r
.

Ap
r.

M
a
y

J
u
n
e

J
u
l
y

Au
g.

S
e
p
t
.

1 2 3 4 5 6 7 8 9 10 1 
1

12 13 14 15 1
6

17 18 19 2
0

21 2
2

2
3
2
4

2
5 2
6

2
7

2
8
2
9
3
0

31

T
o
t
a
l

M
e
a
n

M
a
x
 1
m
u
m

M1
 n
1 
m
u
m

0
.
0
0
 

0
.
0
0

.
0
0
 

.
0
0

.
0
0
 

.0
0

.
0
0
 

.
0
0

.
0
0
 

.0
0

.
0
0
 

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

.
0
0

0
.
0
0

.
0
0
0

.
0
0

.
0
0

0
3
2
0
1
9
2
9
 

Z
I
N
N
S
 
R
U
N
 
N
E
A
R
 
R
A
D
C
L
I
F
F
,

2
0
1

20
1

11
7
2
9 15 7 6 5 5 4 3 2 2 1 2 ! T 2 19 5

31
 

3
9
.
9
 

2
5
.
2
 

2
4
.
0
 

1
3
.
3
 

2

2
.
7
 

8
3

2
.
1
 

1
1
6

1
.
9
 

8
7

13
 

1
9
5

28
 

2
8
5

1
0
6

1
4
1
3
4
7

2
8
5 1

O
H
I
O
  
 C
o
n
t
 i
n
u
e
d

.4 .0 .7 .8 .2 .5 .9 .2 .9 .0 .7 .5 .7 .5 .8 .8 . 
1

.8 .2 - .7 . 
1

.5

3
1
0

4
1
2

1
6
2 6 12 7 5 4
2
5 19 12 7 5 5 1 
1 8 5 4 3 3 5 3 7 8 4

2
6

6
5

1
0
2

7
7 6 1

1
3
3
6

4
3

4
1
2 1

.8 . 
1

.4 .4 .3 .8 .5 .0 .6 .3 .4 .0 .3 .2 .0 .3 .9 .6 .9 .8 . 
1

.9

1 1 1 1 8 3 1 1 1 1 1 1 1 7 5 2 1 1
3
4 6 7 3 2 1 1 2 8 2 1

1 
19 4
3
4

.4 .8 .3 .2 .8 .4 .9 .A .7 .2 .9
8

.3 .5 .3 .5 .3 .9 .7 .5 .0 .5 .8 .5 .7 .3 .0 .6 .7 .7 _
_ .8
8

.
0
0

.9
8

1 
.3

1 
. 

1
3
.
7

2
.
9

2
.
5

1 
.6

1 
.2 .8

8
.6
7

.
5
6

.
4
5

.4
1

.
8
3

.4
7

.2
1

. 
15

.0
9

.0
4

.
4
6

.
5
3

.
2
0

. 
10

.0
3

.
0
0

.
0
0

.
0
0

.
0
0

.
0
9

.
0
0

.
0
0

.
0
0

2
0
.
4
7

.
6
6

3
.
7 .
0
0

0
.
0
0

.
0
0

.0
0

.
0
0

.0
0

3
.
8

5
5

9
4
5
0
.2

9

.0
0

.0
0

.
0
0

.
0
0

.
0
0

.
0
0

.0
0

.
0
0

.0
0

.0
0

.4
3

.7
8

3
.
5

2
.
0

1 
.3 .6

7
.
4
3

.2
8

.
2
0

3
.
8 .7
9

2
1
7
.
2
7

7
.
0
1

9
4
.
0
0

1 
.4

1 
.3 .7

4
.4

9
.3
8

.2
9

.2
3

.2
1

. 
12

.0
9

. 
1 

1
.0
8

.0
3

. 
12

.3
7

.
4
4

.5
2

.
2
6

. 
16

. 
1 

1

.
0
6

.5
7

13 3
.
7

1 
.8

1 
.2 .
7
9

.
6
6

.5
7

.5
1 -
-

3
0
.
3
1

1 
.0

1
13

.0
3



CO 
CO
01

(.
0)
n
E

 4-> 
Q. 
0)
to
O 
 4->

r-
00 
O)

l_ 
0)
n
 «-  
u
0

CO 
CO 
01

jr year 
val ues

-M C

(0 (0 
2 0)

"O
C
o
0) 
M

(. 
0)
a 
+-<
0)14-
0

J3
3 
U

2 
O

<4-

riean strean

>.

CO 
Q

-!- 
a
0)

m

X

3

0)
C 
3

X
(Q
5

(.
a
<

i.

n
u.

c 
oa

u
o

>
o

+j 
u

X

o

0
*  1
I
0

a:
UJ
H 
Z 
UJ
a. 
a:

C BELOW C/

UJ 
UJ 
£E 
U

13
Z

< 
UJ
_l

r* 
o 
o
0

co 
o

o o CM in *r 
o o o   o
o

o r» *r CM o

ao CM ao m in 
r^ ID *r co CM
o

CM r- co CD <r
CM        

o r* in CM 01
CM  -   *- .-

to r-
co co o *r CM

CM CD CO

r* in co
    co   *r

r- to

CM

CM O 00 O COr* co in *-

O CM 
Ol CO CD Ol CO

r- CM  

ao co 03 O) r^ 
^r sr sr <r in

o o a a a 
o o o o a
o

o o o o o 
a a o a o
o 

  CM co ^r in

  o o o o 
o o o o o

00 PO CO    01 r* in

^r CD CM o o
  O 0 0 0

M- co in o
*- 01 co r* r* 

<r co co CD in
ST CM r- r- r-

co ao CM *r  -
CM CM CM *- *-

O Ol <T CM CO
CO " r- .- r-

01 ^r *r
in in 01 co CM

o CM ^r r». CM
r- CD in ^r ^r

CM O O Ol O
in in in ^r in

a o - co 
o o o CM sr

CO

a o a a o 
a a a o o

CD r- ao 01 o

o o o o o 
o o o o o

  01 in *r co 
*r CM CM CM *-

o o o o o
O 0 0 0 0

r^ o in CM CD
co ID in in ^r

*r   co ^r
  co r* CD eo

in 01 ao o in
co CD in m *r 

co in r*
Ol CO *~ CO Ol 

CM  

CM r* r^ co CD
CM CM CM CM CM

!>«  in *r co CM
CO CO CO CO CO

r- CM    - in 
in in in in in

co in  - in r>-
 - CM CO CO CO

o o o o a 
o a o a o

*- CM co *r in

o o o o o 
o o o o o

  *r   *r CM
r- 0 0 0  -

o o o o CM
0 O 0 0 CM

^r o r* ^r CM
^ ̂  CO CO CO

   01 co r* co 
^ co co ^f m

O CO CM

*r co CD in ao 

co r^ co
co r^ CD in  -

00 CO *~ CO

CM co CM sr r*

in 01 
*r *r r»

  CO CD  ̂r

o oo CD in r- 
co in in in in

CO Ol CO CD CO
co co <r <r ^r

0 0 0 O 0
a a o o a

ID r* co 01 o

o o r* CD 
o o o CM in

CM

in   *r oo CM
O 00 00

in CM m o
CM CO Ol CD in

01 r* in co  -
CM CM CM CM CM 

01   CD Ol CM

    CD CO

co   in CD  
ID r- r* CD in 

CD 01 CM co in
r* m in *r *r

«- *- CO CD *T

m in ^r ^r co

ID CD CO CD CM

00 CO CM    

CO 00 fv CD O
in in in in CD

co in  - o o 
<r <r ^r <r ^r

o o o o o 
a a o a o

 - CM co ^r in

o r* ,- CD r- i
in ^r ^r co co

000000
o o o o o o

co 01 ^r o co ^r
*r co co co CM CM

CD 1
ao in co *- 01 i

CD   Ol

 - - - in co co
«- CM CM

*r rv co   in i
sr co co co CM 

ai CD o *r 01 *f
r* co in ^r co co 

^r o 01 01 i t
CM CM *-  -

^r co 01  - 
 -   r- *r ^r m

01   in 01 CM
in CD ^r co r- ^ 
*r

  co in CD r* i 
<r ^r ^r ^r ^r

o a o o o o 
a o o o o o

CD l>~ CO Ol O  -

in co o 
in r- o o
co in
CM

aj *r o 
in *r o o

CM Ol O
r* co o
ao  - co
in  

CD CO CD 
CM sf Ol

^r CD CM
Ol CM 

CD 00 CO
ao in co
O CO 00 
  CM

(O o in
ao in *r CM 
<r   CD*r  -

ao CM in
0 CD   -
o   r- 
in  -

CD CO Ol

0 CO 0 -o   r*
t  

oi sr o»
CM CM CO

O CO CD
o *r

CD   CM

co in o  - 
01 ^r CD
CO

^r o
co in o
co co r*
Ol CM sf
r*

0
o o a o
0000

o

E E 
3 3 

- E E « C  »-  »-

O 0) (0 ~- 
HS S S

25



T
a
b
l
e
 
4
.
-
-
D
a
l
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
s
 
at
 
s
t
u
d
y
 
s
i
t
e
s
,
 
w
a
t
e
r
 
y
e
a
r
s
 
1
9
8
8
-
8
9
-
-
C
o
n
t
i
n
u
e
d

D
a
l
l
y
 
m
e
a
n
 
s
t
r
e
a
m
f
l
o
w
.
 

In
 
c
u
b
i
c
 
f
e
e
t
 
p
e
r
 
s
e
c
o
n
d
,
 
w
a
t
e
r
 
y
e
a
r
 
1
9
8
9
 
(
O
c
t
o
b
e
r
 
19
88
 
to

 
S
e
p
t
e
m
b
e
r
 
1
9
8
9
)
,

m
e
a
n
 
v
a
l
u
e
s

N) a\

D
a
y

O
c
t

No
v.

D
e
c
.

Ja
n.

Fe
b.

M
a
r
.

A
p
r
.

M
a
y

J
u
n
e

J
u
l
y

Au
g,

S
e
p
t

0
3
1
6
0
0
0
7
 

L
E
A
D
I
N
G
 
C
R
E
E
K
 
B
E
L
O
W
 
C
A
R
P
E
N
T
E
R
,

1 2 3 A 5 6 7 8 9 10 1 
1

12 13 14 15 16 17 18 19 20 21 22 23 24 2
5

2
6 27 28 29 3
0

31

T
o
t
a
l

M
e
a
n

M
a
x
 i
m
u
m

Mi
 n
i
m
u
m

2
.
8

2
.
5

2
.
3

2
.
0

1 
.7

1 
.4

1 
.3

1 
. 

1
.
9
9

.
8
9

.
8
2

.
7
4

.
6
4

.
5
5

.
4
9

.
4
2

.
4
0

.5
1

.
4
9

.
4
2

.5
1

.
6
6

.
6
6

.
8
8

4
.
4

6
.
9

6
.
5

6
.
0

5
.
5

5
.
4

5
.
4

6
5
.
2
7

2
.
1
1

6
.
9 .
4
0

5 5 4 4
2
0

3
5 19 14 6 3 1 1 1 1 2 7 5 5 2 2 1 1 1 2 1 1

1
6
0 5

3
5

.4 . 
1

.7 .6 .0 .2 .7 .9
8

.2 .
9
8

/I .2 .
9
0

.
6
0

.5 .0 .5 .0 .7 .0 .5 .7 .8 .0 .7 .5 -
- .
5
6

.3
5

.
6
0

1 
.3

1 
. 

1
1 
.0 .
9
0

.
8
0

.7
0

.
6
0

.5
4

.
4
6

.
4
0

.
3
6

.3
1

.
2
7

.
2
4

_
_

_
_

-
-
-
-
 -
-

_
_
-
-
-
-

-
-

'

_
_
-
-

-
-

-
- -
-

-
-

_
_

-
-
-
-

-
-

4
6

2
3

2
3

71 5
7 24 18 16 17 12

 
  
 

 
  
 

 
  
 

Q 8 7 6
_
  
 

 
  
 

 
  
 

f+ 6 5 6
6
2 17 H 8 6 5 6

1
3
5

7
5

1
5
2

1
3
4

4
6

_
_

10
21 3
4

1
5
2 5

.6 . 
1

.0 .2 .6 .6 .3 .7 .0 .5 .6 .5 .7 . 
1

.3

O
H
I
O
  
 C
o
n
t
i
n
u
e
d

4
3
3
6

2
4 18 4
3 2
4 19 16

1
0
0

6
2

4
8 3
3 2
2

21 4
0

2
9

21 17 13 1 
1

19 12 2
7

3
3 14

1
3
9
3
0 18 10 8
.
6

6
.
3

9
5
6
.
9

3
0
.
9

1
3
9 6
.
3

4 3 3 3
7
5

31
9 5 6 8 4 6

4
5
3
8
6
2

3
9 19 1 
1 7

5
8 19 12 8 5 4 13 5

2
2
2 2
4 10
-

7
6
6
2
5

2
2
2 3

.8 .9 .6 .6 .7 .8 .3 .6 .3 .4 .7 .7 .8 .2 .0 - .4 .5 .6

6. 4. 4. 6. 6. 5. 3. 2. 1 
.

1 
.

1 
.

5
9 17 8. 3. 2. 1 

.
1 

.
3. 6. 2. 1 

.
1 

. ^

1 
.

1 
1 2. 1 

.
1 

.

1
7
0
. 5.

5
9

0 0 7 9 3 0 0 2 6 3 2 4 4 1 5 1 4 8 5 6 1 8
5
7
9

6
2

5 6 2 7 3
6

5
0

6
2

1

2
8

2
8 5 2 1 1

2
0 6

1
2
4

9
0
2
5 9 5 3 3

5
7 8

4
2
7 13

1
2
4

.2 .
6
8

.
6
3

.
6
0

.5 .8 .6 .9
8

.
6
4

.
5
0

.3
8

.
3
8

.3
3

.
3
0

.
2
9

.
6
2

. 
1

.
6
0

. 
1

.7 .3 .6 .0 .3 . 
13

.8 .2
9

12 12 4 2 1 1 1 1 1 2

. 
4 16
3 2 1 1

2
2

1
3
3
2
4 9 6 3 2 2 2

2
7
8 9

1
3
3

.9 .9 .9 .5 .3 . 
1

.0 .7
7

.
8
2

.
8
0

.
6
5

.
8
3

.3 .5 .3 . 
1

.6 . 
1

.4 .2 .4 .6 . 
1

.0 -
- .0
7

.
2
7

.
6
5



LZ

S S 2 H
-- 0) <D O
3 x 0) rt- 
-~   30)
33
C C
3 3

ro

ro en x» to
J» CO ro CO

co to
J» ro to ui
CD to en

  en
O> ro ro

ro -J o -J
_. ro

ut ui
0 x» -

co to co ro

ro oo &

ro -  -j
co CD en o
ui o ro -j

01 _. to
ro to ui co
CD O tD X*

CO
en   ui

CO 00   UI
«> -g CD x»

 
o

(O CO CO
to to co ui

CD J» 00

-J
CD ro  

ui en co o
CO -J O

 
 I* O
ro co ro

CO CO CO
o o to

ro
  ro

CO X» -J  
to ro to

ro
  ro

CO J» -J - 
on  £* o

co co ro ro ro ro 
-  o to co -j on

CO O) O CD O) CO

ro - 
i .....
1 -  Jk CD CD -J

UI *> CO

_ _.
ro co ui  >< en on
-» x» o o ro -J

co co ro ro co x»
-J O  *» -J -J UI

1 1 CO J» -t» J»
1 1 O) O X» X»

j» ui en -J CD -j
to ui o   ui ui

1 CO J» J» J» J»
i to   -  m to

  -    ro J» 
<D ro J» -j J» o

CD

i ui ui ui ui en
1 CO X» J» tD X»

  J» _.  

UI   CD tD -» X»
j»cn

CO J» J» J» J» J»
to ro co -  ui en

1 (0 CD 00 CD 00
I -g ro x» en ui

ro ro ro ro ro 
ui J» co ro  

CO CO   tO  

ui j» jk ui en
en to co o o

^
  O) CO CO UI

ui ui ui en

-  ro
ui en CD ro oo
to to en co ui

_.
ui en en en  
ui ui en -j o

J» UI UI UI -J
CO -  J» tD O

ui en on en -j
*» -  co co ro

en J» ro co ro 
ro -j en -» en

en CD CD CD oo
CD O -  O O

ro J»
  co -j -g ro

to co ro

ui en en en en
-  ro -  ro Jk

co -vi en en ~J
-vl CO -v| ^» CJ

o to oo -J on

CO CO CO CO CO 
tO -  -> Jk CD

_
-j to o -j en
-J ro ro co

ui * & en ui
_. to _. en o

UI
0 Jk  
to -j co j» co

.c. ro

_
ro J» co co co
co en -i ui ui

oo CD en "*j *»j
ro -  ->l O  >!

-  ro
O O UI CO Jk
jk ro -j to co

CD ro co en to

CD   ro J» ro
"J

- 

CD -g J» j» j»
ui & o ro

on m ui ui en
on to -vi jk o

 vi ui o> en m
on -J   co ro

ui x» co ro - 

CO CO CO CO J»
to to to to m

_ _. co

on CD   CD ro
CD O

£> CO CO X» CO

<D 0J co ro -^

CO CO CO CO CO

ro co co co J»

CO CO CO Jk Jk
en -vi co o ro

_, _.
CD co ro -vi co
ro O O ro ro

x» m ui en CD
CO CO CD CD  

ro ro ro co co 
O ro en ro to

x» a> oo o ro

CO CO .£» .£* £»
 ^ -to a>a>

ui ui en -j oo
UI 0) CO 01 tO

UI UI O) UI UI
  00 -J UI tO

O CD CO -J 0>

ui en ui co ro
O CO J» tD UI

ro - 

CO CO CD CD  >!
ui ro o

CO CO CO J» UI

ro co to tt> ui

CO CO CO J» UI

ui on CD o ro

_, _^
* ui en o x»
 ^1 X» O) O CO

_. _. ro co
to o co   to
-j x» co -  ro

-  ro ro ro
to co o o o
to oo ui o ui

.t» .t» in -vi CD 
co on -j to to

ro ro co co J»
en CD co to -j

CO CO CO CO CO
o o -  o  

-*

tO tO   tD CD
en to ui to

-*

0) -vi co ID ro
en ui en CD

ui x» co ro  

0

ro co co Jk j» 
^»     CD   on

o
 *j *j "*j en en
o o o to co

co co ro co ro
CO UI J» -- - 

-  ro ro
O) tD J» J» CO

CO Jk

J» 0) ro to
X» CO 00 O Jk
o x» o   en

UI  >!
to O) co ro co
O x^ co CD ro

ui en
00 CD UI £k ^k
UI  >! O tO CD

-J ro ro ro co 
-  on on to x»

ui ui en -j CD

-  ro o co en

- 0

CD .k .t*  £> £>
-si ro ui cn

_. _.  

oo to   j» - 
0) CO

       o

Jk   J» CO CO
  en 01

0
CO

UI
to
UI

o

t/1
I
o
m
 33
1-4

m 33

z
m
33

o
I
m
t/i
H
m 33
*

0

1-4

O

o
0)

o
n

z
0
<
 

o
(D
n

0)

-n
(D
<T

2
ffl
T
 

>
13
T

2 
0)
*<

C
3 
(D

C

^

C
(0

C/)
(D 
13
rt-

O
0)

3 
CD
0)
3

C/l
r*-

(D
0)
3

o
X.

_  

3

O
Ca-

n

(D
(D
r*-

13
(D
T

(D
n
o
^
CL

3 "

(D X
D) 0)
3 rt-

ID
< -1
a ^ *<
C (D
(D D)
W T

_.
to
CD
CD

O
nr*-
Oa-
a>

to
CD
-J
ft-
o

ID
13
rt-

ID
3

ID

CD
CD

^



»
/   *

Cl
co
01

0)
J3
E
0)

0)
to
o
4->

00
00
Ol

01
f\
Q
 H

u
o
s^

01
00
01
  

L. m
(0 0)
0) 3

(0
L. >
0)*  c
(0 (0
X 0>
E

»
 Q

c
o
u
n>
U)

l_
0)
a
+4

0)
0)
M-

u
L
3
u
c

.
X
o
* 
H-
E 
n
tu
l_
 H
I/I
c
m
a>
E

*

(0
a

 M

Q.
(U
C/l

Q
3
«(

^*

3"^

C
3~)

>,
(0
s

.
L.
a9^

L.
(0
5

»

£>
0)
U.

C
(0~>

 
u
0) 
Q

^

O
z

 
 fj
u
o

(0
o

 o
a>
3
C
T-

+J

C
o
u

1
1
0

Io
«
a
UJ^_
i/i
UJ
I
u
cc
UJ
z
a
UJ
>»- 
a

a
I
to

o
in
O)
in
9-

co
o

o> ^r co in to
oo »»  in o r~
 - CM  -  -

o co  -  - r>
co in »»  co r~

o ̂r   o  
a r-- to a a   ^-   

in CM CM oo o
r» co in in o

  

oo co h- in r»
oo f in co oo
v in co CM co

O    Ol Ol 00
 - CO  - O 00
O * CO CO CO
^~

01 CM r~ »»  o
<D T CM (N CO""*"*"'"

  <r CM 01 o>
co in co to r~

^r r> CM

CO ^ 00    ^
«- ao o oo in
r- *- *-

co r^
CD ^r   01 oo
9  v  v 

^ CM m 01

0 0
CM

co »»  co oo CM
01 oo r~ co co

0

 - CM CO T in

Ol O)  - tO O
in ^r ^r co co

tO CM ^ ̂  CO
o in ao in co
CO  

in o to to co
r~ r> ^r co co

CM CD O  - Ol
01 CM ao r^ 01^   

^ in r~ oo o
T ID O) O O»»  CM  - co co

w 

*- Ol CM in CM
CO Ol ^ ̂  «~
^T CM CM CM CM

o o r>   01
in 01 f r>  
CO ^T T CM CM
CM CM

CM »»  «- r~ 01
00 CO Ol P~ P~
   w-

co to «- o in
CO 0000 CO <T
 - CM CM CO «-

to too *t r*~
r~ CD to in TJ-

CM tO tO

in o 01 r~ in
CO CM

r> f CM oo to
in in in ̂  f

CD r^ ao o» o

r>oi^r^r>
CO CM CM «t ini 

to «- r~ t CM
CM CM      

^r co  - ao o
CO CM  - O 00

»»  CM CM

o in oo co in
r^ in »»  in in    . 

f to co co oo
CM »»  00 00 «-
in co CM CM co

CM to 01 in oo
CO CO   O 0)
r  *  *  * 

~- o co   m
Ol tO CO CM  -

o in co 01 o
to in m in o

Ol Ol
CM

r~ co r~ r~ o
01 in o co r~

in r~ co r~

CM r~ CM co CM
^ CO CO CO ^

to p^ ^ P^ o
^ CO ^ CO ^

01 o in 01 co
^ in ̂  co co

*- CM co 'j- in

f in «- r~ r^
to f CO O) CO
CM <fr  

in     co o
  f oo r^  -

.  9 

oo «r r* oo r~
f CO M CM 00

   9 

00 00 tO f O
(O «-   00 CM
CO CM  - CO

in in   oo co
o r~ co to f
03 CO CM 9- r-

O) O) CM O O
CD CO CO T T

f CO

T ao in en 01
o ao 0) in co

o o co   CD
f CO O CO 01
tO 00 T CM 9-t '-

f ao r^ r~ en
in o co o ooin CM 9- 9-

   CO O CO CO

tn <o in T <T

in r^ T oo
f CO CO «»  CM

01

to co
CO CO tO 00 Ol

*t   '-

co r~ oo 01 o

oo 01 o o ̂r
T 00 00 t^- 00

r~ co CM
    9-

(O CO O O 00
01 co ^r CM o

co o in m*~  "

CM m o to oo
oo ^r co CM co

to in in  - CM
r^ in co o o
CM    9- 9-

co co in in T
o ̂r 10 01 to
CM «- CM »»  CM

ao f o in in
r~ co  - 01 oo
   r  9 

o ̂r m «»  in
r^ Q to 01 coo to CM  - 9-

o Q r~ co in
01 ^ o CM m
CO tO «T CM 9-w~ *~

to to *- to in
r~ in in in in

01     co o
 - co 01 in co

CO O
9-

o r^ in 01 coto   r~ »»  co

in»»  CM r~ »»  01
CM CM 9- 9-

9- CM co f in
CM M CM CM CM

CO  -  - tO ^T 1
oo co o oo r» i
9  9~ 9~

01 »»  to in o  -
CM f o oo in r~
CM r- 9- CM in*~

t f O CD CO CO
CM r> in oo co oco r~ CM  - 9-

9 

00 00 O  - 9- \
r^ co ^ oo in i
CO   CM f  -

9 

01 co <r CM ao ^r
r» oo f in  - 01^r oo CM  -  -

in CM r^ o o i
co ^r to to in i
co m to o CM

CM  -

00 01 CO CO O Q
CO  - O O  - CO

00 CD T 1 1 1
co 01 r> i i i
  » » 

^r ^r m to o oo
in to to in CD co

»»  CM r^ in oo to
00 0) 00 P~ O P~
9  9 9 

t «- »»  CO «- I
CM CM CM CM CM 1

CO in CM CO CO ^
01 r~ r~ co co co

co r~ oo 01 o  
CM CM CM CM CO CO

CD m o T
in  - oo CM
^r CM r>
to  -

Ol tO O CM
O CO CM 9-
co CM m
r> -

r^  - o ̂r
01 co in CM
01  - r~
^ *~

Ol CO O CM
r> o ̂r in
O CM CM
to  -

 - 01 0 "9-
^ ̂  Ol O)
(^ CO CO
9  9 

9 

CM h- O CM
«- 00 CD 00
CO CO O
9- CM
9 

oo r^ o oo
in T en ao
<D ** t 
CO CM
9 

*S Ol O CO
r^ ^r ^r in - to to
oo »» 

o to o  
o CM r~ in
o CM r^

 - ^r CM
01 r> o co
O 00 CO
r^ o
CM 9-

O "9- -co to
Ol Ol CM^^ 5
^

CM Ol CO
CO Ol tO CO

o ^r
CO

E E
- i i
(0 C -r-  
-H (0 X C
O 0) (0  «- 
t- 5 5 5

28



Table 5. Water quality at study sites, water years 1987-89

[ft 3 /s, cubic feet per second; viS/cm, micro-Siemens per centimeter
at 25 degrees Celsius; °C, degrees Celsius; mg/L, milligrams per

liter; ug/L, micrograms per liter]

Date

MAY 1988
26. ..

AUG 1989
03. . .

MAY 1988
25. . .

MAY 1988
26. . .

AUG 1989
04. ..

Sul-
Spe- Alka- fate, 

Stream- cific linity, dis- 
flow, con- Temper- Oxygen, field solved 

instan- due- ature, dis- (mg/L (mg/L 
taneous tance water solved as as 
(ft 3 /s) (US/cm) pH (°C) (mg/L) CaCO 3 ) SO* )

03160007 LEADING CREEK BELOW CARPENTER, OHIO

1.7 525 7.9 12.5 8.2 158 87

0.45 460 7.7 16.5 5.7 80 58

03201929 ZINNS RUN NEAR RADCLIFF, OHIO

0.49 260 7.3 13.0 9.3 42 50

03201947 STRONGS RUN NEAR EWINGTON, OHIO

3.0 215 7.5 14.0 8.8 41 68

0.18 220 7.9 19.0 6.2 78 25
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Table 5. Water quality at study sites, water years 1987-89 Continued

Date

Stream- 
flow,
instan 

taneous 
(ft'/s)

Spe 
cific 
con 
duc 
tance 
(US/cm)

Temper 
ature, 
water

pH

Oxygen,
dis 

solved 
(mg/L)

	Sul-
Alka- fate,
linity, dis-
field solved
(mg/L (mg/L
as as

CaCO 3 ) SOO

390222082092200 LEADING CREEK NEAR LANGSVILLE, OHIO

JUL 1987
21. . . 

OCT 1987
08. .. 

MAY 1988
26. . . 

AUG 1989
03. ..

0.33

0.04

16

6.0

1060

1850

440

3500

7.7 

7.9 

7.8 

7.7

24.5

10.0

16.0

17.0

9.1 

10.2

110

122

73

270

550

48

96 1500

390248082204100 FLATLICK RUN NEAR WILKESVILLE, OHIO

45 15

36 19

33 87

39 22

390413082180900 STRONGS RUN NEAR WILKESVILLE, OHIO

JUL
21.

OCT
08

MAY
26.

AUG
04.

1987
   

1987

1988
   

1989
   

0

0

1

0

.04

.01

.09

.15

180

156

220

1750

7.

7.

7.

6.

6

2

2

9

25

9

12

18

.5

.5

.5

.0

 

 

9.2

6.0

JUL 1987
21. . . 

MAY 1988
25. . .

0.0 

2.6 180 7.3 14.0 10.5 24 110
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Table 5. Water quality at study sites, water years 1987-89 Continued

Date

Stream- 
flow, 
instan 

taneous 
(ft'/s)

Spe 
cific 
con 
duc 
tance 
(US/cm)

390545082135300

JUL 1987
21. . .

MAY 1988
25

AUG 1989
03. . .

0.0

2.02

<0.01

 

295

570

Temper 
ature, 
water 

pH (°C)

DEXTER RUN NEAR

   

7.5 16.0

7.3 17.0

Oxygen 
dis 

solved 
(mg/L)

DEXTER,

 

10.0

 

Alka 
linity, 
field 
(mg/L 
as 

CaCO 3 )

OHIO

 

59

105

Sul-
fate, 
dis 
solved 
(mg/L 
as
soo

 

49

130

390759082155100 UNNAMED TRIBUTARY TO OGDEN RUN NEAR CARPENTER, OHIO

JULY 1987 
21. . .

MAY 1988
25. . .

AUG 1989
03. . .

0.0

0.40

<0.01

_ _

380

400

_ _

8.0

7.3

__

18.5

17.0

__

9.5

5.4

 _

85

111

__

53

61
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Table 5. Water quality at study sites, water years 1987-89 Continued

Date

Alumi- Manga- 
num, Alumi- Iron, nese, Manga- 

total num, total Iron, total nese, 
recov- dis- recov- dis- recov- dis- 
erable solved erable solved arable solved 
(pg/L) (ug/L) (ug/L) (yg/L) (ug/L) (ug/L)

03160007 LEADING CREEK BELOW

MAY 1988
26. . .

AUG 1989
03. ..

MAY 1988
25. . .

MAY 1988
26. . .

AUG 1989
04. ..

JUL 1987
21. . .

OCT 1987
08. ..

MAY 1988
26. ..

AUG 1989
03. ..

20 20

490 20

03201929

160 40

03201947

190 30

40 <10

390222082092200

490 50

170 <10

140 50

280 30

1300

990

ZINNS RUN

550

80

60

CARPENTER, OHIO

490

410

430

400

NEAR RADCLIFF, OHIO

160

STRONGS RUN NEAR

600

1200

LEADING

760

450

510

830

60

370

150

EWINGTON, OHIO

180

1100

CREEK NEAR LANGSVILLE,

90

120

110

50

450

670

150

790

140

160

1200

OHIO

340

690

140

330
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Table 5. Water quality at study sites, water years 1987-89 Continued

Date

Alumi 
num, Alumi- 
total num, 
recov- dis- 
erable solved
(ug/L) (ug/L)

Iron, 
total Iron, 
recov- dis- 
erable solved 
(ug/L) (ug/L)

390248082204100 FLATLICK RUN

JUL
21.

OCT
08.

MAY
26.

AUG
04.

JUL
21.

MAY
25.

JUL
21.

MAY
25

AUG
03.

1987
  »

1987
. .
1988
. .
1989
   

1987
   

1988
   

1987
   

1988

1989
   

240 10

130 <10

130 30

130 10

390413082180900

   

650 20

390545082135300

   

180 <10

160 20

1300

940

300

1800

STRONGS RUN

 

80

NEAR

200

160

40

280

NEAR

 

40

Manga 
nese, 
total 
recov 
erable
(ug/L)

Manga 
nese, 
dis 
solved 
(ug/L)

WILKESVILLE, OHIO

740

210

40

2400

720

100

30

2200

WILKESVILLE, OHIO

 

230

DEXTER RUN NEAR DEXTER,

 

910

600

 

130

90

 

210

1200

 

180

OHIO

 

200

1100
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Table 5. Water quality at study sites/ water years 1987-89 Continued

Alumi
num,

total
recov
erable

Date (ug/L)

Alumi
num,
dis
solved
(ug/L)

Iron,
total
recov
erable
(ug/L)

Iron,
dis
solved
(ug/L)

Manga
nese,
total
recov
erable
(ug/L)

Manga
nese,
dis
solved
(ug/L)

390759082155100 UNNAMED TRIBUTARY TO OGDEN RUN NEAR CARPENTER, OHIO 

JULY 1987

MAY 1988
25. ..

AUG 1989
03. ..

150

350

10

10

1000

780

190.

80

850

330

830

660
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89 
[biological data collected by the Ohio Environmental Protection Agency from 1987 through 1989 at the eight sites shown in figure 3]

Collection date: 07/06/89
River code: 1 09-200
River: Leading Creek
River mile: 26.0__________________________________________________________

Taxa Quantity/ 

code2____________Taxa_____________________________________________Quality3

01320 Hydra sp. 4
03360 Plumatellasp. 1
03600 Oligochaeta 90+
07820 Cambarus (Cambarus) bartonii cavatus 0+
07850 Cambarus (Lacunicambarus) diogenes diogenes 1
08200 Orconectes sp. 1+
08601 Hydracarina 2
11100 Baetissp. 0+
13580 Stenonema tripunctatum 26+
15000 Paraleptophlebia sp. 66
45400 Trichocorixa sp. 0+
47600 Sialissp. 20
51001 Polyc bentropodidae 4
52200 Cheumatopsyche sp. 0+
53501 Hydroptilidae 0+
68708 Dubiraphia vittata 0+
68901 Macronychus glabratus 0+
74100 Simuliumsp. 1+
77120 Ablabesmyia mallochi 23
77500 Conchapelopiasp. 8+
77750 Hayesomyia senata 23
77800 Helopelopia sp. 8+
79400 Zavrelimyia sp. 23
80410 Cricotopus(C.)sp. 8
80420 Cricotopus(C.)bicinctus 8
80430 Cricotopus (C.) tremulus group 8
82050 Symposiocladius sp. 0+
82141 Thienemanniellaprob.xena 0+
82730 Chironomus decorus group 8+
82820 Cryptochironomus sp. 16
83000 Dicrotendipes sp. 8
83040 Dicrotendipes neomodestus 16
83840 Microtendipes pedellus group 16
84210 Paratendipes albimanus 125+
84302 PhaenopsectraType2 8
84450 Polypedilum (P.) conviction 0+
84460 Polypedilum (P.)fallax group 101
84520 Polypedilum (Tripodura) nalterale group 0+
85500 Paratanytarsus sp. 156
85615 Rheotanytarsus distinctissimus group 0+
85625 Rheotanytarsus exiquus group 16+
85814 Tanytarsus glabrescens group 62
85840 Tanytarsus guerlus group 16
98600 Sphaeriumsp. 1

No. Quality Taxa: 27 No. organisms 874
No. Quality Taxa: 21 ICI: 28
Total Taxa: 44

1 
Ohio Environmental Protection Agency code for the river.

Ohio Environmental Protection Agency parameter code for taxonomic classification.

Number indicates the organisms counted from artificial substrate sampler and indicates presence in an independently collected 
qualitative sample.
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	Table 6. Macroinvertebrate identification and abundance data at study sites. 1987-89 Continued

Collection date: 07/17/89
River code: 09-200
Riven Leading Creek
River mile: 10.3__________________________________________________________

Taxa Quantity/ 

code___________Taxa_______________________________________________Quality

03600 Oligochaeta 32+
05800 Asellussp. 1
08260 Orconectes (Crokerinus) sanbornii sanbornii 0+
11100 Baetissp. 8
13580 Stenonema tripunctatum 0+
17200 Caenissp. 1+
23804 Basiaeschnajanata 0+
27512 Somatochloralinearis 0+
27610 Tetragoneuria cynosura 0+
34130 Acroneuria evoluta 4+
43300 Ranatrasp. 0+
47600 Stalls sp. 2+
48620 Nigronia serricornis 2+
52200 Cheumatopsyche sp. 59+
52530 Hydropsyche (H.) depravata group 0+
52570 Hydropsyche (H.) simulans 0+
60300 Dineutussp. 0+
68130 Helichussp. 0+
68601 Ancyronyx var iegata 8
68708 Dubiraphiavittata 0+
69400 Stenelmissp. 0+
71100 Hexatomasp. 0+
74100 Simuliumsp. 4+
77120 Ablabesmyla mallochi 19
77500 Conchapelopia sp. 0+
77750 Hayesomyia senata 39
77800 Helopelopia sp. 19
78140 Labrundinia pilosella 19
80370 Corynoneura taris 58
80410 Cricotopus(C.)sp. 19+
80430 Cricotopus (C.) tremulus group 0+
81825 Rheocricotopus robacki 39
82820 Cryptochironomus sp. 0+
83050 Dkrotendipes lucifer 19
83051 Dicrotendipes simpsoni 19
84210 Paratendipes albimanus 0+
84450 Polypedilum(P.)convictum 19+
84460 Polypedilum(P.)fallaxgroup 77+
84470 Polypedilum(P.)illinoense 0+
84540 Polypedilum (Tripodura) scalaenum group 96+
84700 Stenochironomus sp. 77
84800 Tribelos jucundum 0+
84960 Pseudochironomus sp. 19
85500 Paralanytarsus sp. 19
85615 Rheotanytarsus distinctissimus group 251
85625 Rheotanytarsus exiquus group 946+
85800 Tanytarsus sp. 77+
85814 Tanytarsus glabrescens group 347+
85840 Tanytarsus guerlus group 19
96900 Ferrissiasp. 16
97601 Corbicula manilensis 0+
98600 Sphaeriumsp. 0+

No. Quantity Taxa: 31 No. organisms: 2,334 
No. Quality Taxa: 35 ICI: 34 
Total Taxa: 52
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	Table 6.--Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 07/17/89
River code: 09-205
River: Dexter Run
River mile:___0.7____________________________________________________

Taxa Quantity/ 
code_______Taxa_____________________________________________Quality

03600 Oligochaeta 13+
04685 Placobdella ornata 0+
07850 Cambarus (Lacunicambarus) diogenes diogenes 2+
11100 Baetissp. 0+
11400 Cloeonsp. 0+
15000 Paraleptophlebiasp. 0+
22001 Coenagrionidae 0+
23909 Boyeriavinosa 0+
27512 Somatochlora linear is 0+
30000 Plecoptera 4
45300 Sigarasp. 0+
47600 Sialissp. 1+
52200 Cheumatopsyche sp. 0+
52530 Hydropsyche (H.) depravata group 0+
68708 Dubiraphiavittata 0+
69400 Stenelmissp. 0+
72700 Anopheles sp. 0+
74100 Simuliumsp. 0+
77120 Ablabesmyia mallochi 44
77500 Conchapelopia sp. 0+
78100 Labrundinia sp. 4
78401 Natarsia species A 17
78650 Procladius sp. 9+
79400 Zavrelimyiasp. 22
80370 Corynoneura taris 9
81650 Parametriocnemus sp. 0+
82730 Chironomus decorus group 48
82770 Chironomus riparius group 0+
82820 Cryptochironomus sp. 4+
83000 Dicrotendipes sp. 48
83840 Microtendipes pedellus group 4+
84210 Paratendipes albimanus 57+
84302 PhaenopsectraType2 4
84315 Phaenopsectraflavipes 4
84460 Polypedilum(P.)fallaxgrowp 91
84470 Polypedilum(P.)illinoense 4+
84540 Polypedilum (Tripodura) scalaenum group 9
84700 Stenochironomus sp. 0+
84750 Stictochironomus sp. 0+
84800 Tribelos jucundum 13+
85500 Paratanytarsus sp. 17
85615 Rheotanytarsus distinctissimus group 0+
85625 Rheotanytarsus exiquus group 0+
85800 Tanytarsus sp. 26+
85814 Tanytarsus glabrescens group 17
95100 Physellasp. 5+
95501 Planorbidae 1
98200 Pisidiumsp. 0+
98600 Sphaeriumsp.. 1

No. Quantity Taxa: 27 No. organisms: 478
No. Quality Taxa: 33 ICI: 16 
Total Taxa: 49
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	Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 07/17/89
River code: 09-215
River: Tributary to Ogden Run
River mile: 1.0 ___________ _________ __________ _____

Taxa Quantity/ 
code_________Taxa_________________________________________Quality

03600 Oligochaeta 0+
07820 Cambarus (Cambarus) bartonii cavatus 0+
07850 Cambarus (Lacunicambarus) diogenes diogenes 2+
11300 Centroptilum sp. 0+
11400 Cloeonsp. 40+
13580 Stenonema tripunctatum 2
15000 Paraleptophlebia sp. 46
17200 Caenissp. 3
26100 Cordulegaster sp. 0+
27512 Somatochlora linearis 0+
45300 Sigarasp. 0+
47600 Stalls sp. 1+
52200 Cheumatopsyche sp. 0+
53800 Hydroptila sp. 4+
63300 Hydroporus sp. 0+
63900 Laccophilus sp. 1+
67800 Tropisternus sp. 0+
72700 Anopheles sp. 0+
74100 Simuliumsp. 0+
77120 Ablabesmyia mallochi 30
77500 Conchapelopia sp. 15+
78650 Procladius sp. 7+
79400 Zavrelimyiasp. 66
80410 Cricotopus(C.)sp. 1
80420 Cricotopus(C.)bicinctus 0+
82200 Tvetenia bavarica group 0+
82300 Xylotopuspar 0+
82770 Chironomus riparius group 44+
82820 Cryptochironomus sp. 7
83040 Dicrotendipes neomodestus 52
83840 Microtendipes pedellus group 15
83900 Milothauma sp. 7
84210 Paratendipes albimanus 59+
84450 Pofypedilum(P.)convicnun 0+
84460 Pofypedilum(P.)fallax&oup 0+
84470 Potypedilum(P.)illinoense 0+
84750 Stictochironomus sp. 0+
84790 Tribelos fuscicorne 0+
85261 Cladotanytarsus vanderwulpi group Type 1 0+
85500 Paratanytarsus sp. 59
85615 Rheotanytarsus distinctissimus group 184+
85625 Rheotanytarsus exiquus group 0+
85800 Tanytarsus sp. 52+
85801 Tanytarsus Type 1 7
85802 Tanytarsus Type 2 22
85814 Tanytarsus glabrescens group 15+
85840 Tanytarsus guerlus group 15
95100 Physellasp. 25+

No. Quantity Taxa: 27 No. organisms: 787
No. Quality Taxa: 34 ICI: 38 
Total Taxa: 48
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Table 6.--Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 07/07/89
River code 09-546
River: Strongs Run
River mile:___5.9________________________________________________

Taxa Quantity/ 
code_______Taxa__________________________________________Quality

07800 Cambarussp. 0+
11300 Centroptilum sp. 0+
27512 Somatochlora linearis 0+
44501 Coruddae 0+
47600 Sialissp. 0+
52315 Diplectrona modesta 0+
74100 Simuliumsip. 0+
78350 Meropelopia sp. 0+
82141 Tfaenemanniella prob. xena 0+
82730 Chironomus decorus group 0+
84450 Polypedilum (P.) conviction 0+
84750 Stictochironomus sp. 0+
95100 Physellasp. 0+

No. Quantity Taxa: 0 No. organisms: 0 
No. Quality Taxa: 13 ICI: 
Total Taxa: 13
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	Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 07/06/89
River code: 09-546
River: Strongs Run
River mile:___1.5________________________________________________
Taxa Quantity/ 
code_______Taxa__________________________________________Quality
03600 Oligochaeta 104
05800 Asellussp. 3+
07820 Cambarus (Cambarus) bartonii cavatus 0+
07850 Cambarus (Lacunicambarus) diogenes diogenes 2
08200 Orconectes sp. 1
11300 Centroptilum sp. 4+
13400 Stenacronsp. 1
13580 Stenonema tripunctatum 0+
15000 Paraleptophlebia sp. 146
17200 Caenissp. 9
27512 Somatochlora linearis 0+
28908 Perithemis tenera 1
47600 Sialissp. 16+
48620 Nigronia serricornis 2
51001 Polycentropodidae 8
52200 Cheumatopsyche sp. 47+
52500 Hydropsyche(H.)sp. 0+
60400 Gyrinussp. 1
63300 Hydroporus sp. 0+
68130 Helichussp. 0+
68708 Dubiraphia vittata 0+
71900 Tipulasp. 0+
74100 Simuliumsp. 0+
74501 Ceratopogonidae 1
74650 Atrichopogon sp. 0+
77120 Ablabesmyia mallochi 137+
77500 Conchapelopia sp. 0+
77750 Hayesomyia senata 14
77800 Helopelopiasp. 69+
78140 Labrundinia pilosella 1
80370 Corynoneura taris 55
81825 Rheocricotopus robacki 14
82141 Thienemanniellaprob.xena 14+
82820 Cryptochironomus sp. 27+
83000 Dicrotendipes sp. 14
83900 Nilothaumasp. 41
84210 Paratendipes albimanus 14
84310 Phaenopsectraprob.dyari 137
84315 Phaenopsectraflavipes 0+
84450 Polypedilum(P.)convictum 0+
84460 Polypedilum(P.)fallaxgfo\ip 41+
84540 Polypedilum (Tripodura) scalaenum group 41
84790 Tribelosfuscicorne 0+
84800 Tribelosjucundum 137+
85500 Paratanytarsus sp. 3
85615 Rheotanytarsus distinctissimus group 151+
85625 Rheotany tarsus exiquus group 41
85800 Tanytarsus sp. 233
85801 Tanytarsus Type 1 27
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Table 6.--Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 07/06/89
River code: 09-546
River: Strongs Run
River mile:___1.5________________________________________________

Taxa Quantity/ 
code_______Taxa__________________________________________Quality

85802 Tanytarsus Type 2 67
85814 Tanytarsus glabrescens group 151
85840 Tanytarsus guerlus group 96+
86100 Chrysopssp. 0+
87501 Empididae 33
95100 Physellasp. 2+
98600 Sphaeriumsp. 0+

No. Quantity Taxa: 40 No. organism 1,929 
No. Quality Taxa: 29 Id: 40 
Total Taxa: 56
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Table 6.--Macroinvertebrate identification and abundance data at study sites. 1987-89--Continued

Collection date: 07/07/89
River code: 09-549
River: FTatlick Run
River mile:___0.6_________ ___ ___ ___ __

Taxa Quantity/ 
code_______Taxa__________________________________________Quality

03360 Plumatella sp. 0+ 
07860 Cambarus (Puncticambarus) robustus 0+
11100 Baetissp. 0+
22001 Coenagrionidae 0+
27512 Somatochlora linearis 0+
43501 Pleidae 0+
45300 Sigarasp. 0+
45501 Notonectidae 0+
47600 Sialissp. 0+
63300 Hydroporus sp. 0+
68708 Dubiraptdavittata 0+
74100 Simuliumsp. 0+
77001 Tanypodinae 0+
82141 Thienemanniellaprob.xena 0+
82820 Cryptocturonomus sp. 0+ 
85615 Rheotanytarsus distinctissimus group 0+

No. Quantity Taxa: 0 No. organisms: 0 
No. Quality Taxa: 16 ICI: 
Total Taxa: 16
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 07/06/89
River code: 09-554
River: Zinns Run
River mile:___0.5____ _________ _________ _____________________

Taxa Quantity/ 
code_______Taxa__________________________________________Quality

03600 Oligochaeta 24+
05800 Asellussp. 2
07820 Cambarus (Cambarus) bartonii cavatus 0+ 
07850 Cambarus (Lacurdcambarus) diogenes diogenes 2
08200 Orconectes sp. 3+
11400 Cloeonsp. 1+
15000 Paraleptophlebia sp. 62+
27512 Somatochlora linearis 0+
47600 Sialissp. 4+
52200 Cheumatopsyche sp. 0+
63300 Hydroporus sp. 10+
69400 Stenelmissp. 0+
74100 Simuliumsp. 0+
77120 Ablabesmyiamallochi 42
77800 Helopelopia sp. 24
78401 Natarsia species A 12
79400 Zavrelimyia sp. 96+
80370 Corynoneura taris 6+
80410 Cricotopus(C.)sp. 6+
80430 Cricotopus (C.) tremulus group 6
80550 Dipocladius cultriger 0+
81650 Parametriocnemus sp. 6+
82141 ThienemanniellapTob.xena 0+
82770 Chironomus riparius group 6+
83840 Microtendipes pedellus group 12
83900 Nilothaumasp. 24
84210 Paratendipes albimanus 24+
84315 Phaenopsectraflavipes 0+
84460 Polypedilum(P.)fallaxgro\ip 270
84470 Polypedilum(P.)illinoense 36+
84750 Stictochironomus sp. 0+
84800 Tribelosjucundum 24+
85400 Aficropsectra sp. 6
85800 Tanytarsus sp. 18
85802 Tanytarsus Type 2 18
85803 Tanytarsus Type 3 30+
85814 Tanytarsus glabrescens group 54

No. Quantity Taxa: 28 No. organisms: 828
No. Quality Taxa 24 ICI: 16 
Total Taxa: 37
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Table 6.--Macroinvertebrate identification and abundance data at studv sites. 1987-89-Continued

Collection date: 05/26/88
River code: 09-200
River: Leading Creek
River mile:___26.0________________ ______ __

Taxa Quantity/ 
code______Taxa________________________________________Quality
01320 Hydra sp. 88
03600 Oligochaeta 210+ 
07820 Cambarus (Cambarus) bartonii cavatus 0+
10600 Siphlonurus sp. 0+
11400 Cloeonsp. 0+
11700 Pseudocloeonsp. 9
13000 Leucrocuta sp. 1+
13120 Nixeperfida 8+
15000 Paraleptophlebia sp. 2+
22001 Coenagrionidae 0+
23909 Boyeriavinosa 2
26100 Cordulegaster sp. 0+
27500 Somatochlorasp. 0+
32205 Amphinemura delosa 0+
34500 Perlestasp. 44+
35570 Isoperla transmarina 0+
47600 Stalls sp. 12
52200 Cheumatopsyche sp. 1
63300 Hydroporus sp. 0+
63900 Laccophilus sp. 0+
67500 Laccobiussp. 0+
67800 Tropisternus sp. 0+
68201 Scirtidae 0+
68708 Dubiraphiavittata 0+
68901 Macronychus glabratus 2
69400 Stenelmissp. 0+
71100 Hexatomasp. 0+
71700 Pilariasp. 0+
71900 Tipulasp. 0+
71910 Tipula abdominalis 0+
72700 Anopheles sp. 0+
77120 Ablabesmyia mallochi 15
77500 Conchapelopiasp. 30+
78450 Nilotanypusfimbriatus 8
80200 Brilliasp. 15
80370 Corynoneura taris 68
80410 Cricotopus(C.)sp. 8
80420 Cricotopus (C.) bicinctus 0+
81270 Nanodadius (N.) spiniplenus 8
81660 Parametriocnemus lundbectd 0+
81825 Rheocricotopus robacki 15
82141 Tfuenemanniellaprob.xena 23
82730 Chironomus decorus group 8+
83051 Dicrotendipes simpsom 8+
83840 Microtendipespedellus group 60+
84310 Phaenopsectraprob.dyari 90
84315 Phaenopsectraflavipes 75
84460 Polypedilum(P.)fallax&oup 60
84470 Polypedilum(P.)illinoense 15+ 
84540 Polypedilum (Tripodura) scalaenum group 23+
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/26/88
River code: 09-200
River: Leading Creek
River mile: 26.0

Taxa 
code Taxa

84750 Stictochironomus sp. 
85500 Paratany tarsus sp. 
85625 Rheotanytarsus exiquus group 
85800 Tanytarsus sp. 
85840 Tanytarsus guerlus group 
89501 Ephydridae 
95100 Physellasp. 
98200 Pisidiumsv. 
98600 Sphaeriumsp.

Quantity/ 
Quality

15+ 
8 

90 
8 

15 
0+ 

10+ 
0+ 

13+

No. Quantity Taxa: 36 No. organisms: 1,120
No. Quality Taxa: 38 ICI: 26
Total Taxa: 60

45



	Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/26/88
River code: 09-200
River: Leading Creek
River mile: 10.3________________________________________________

Taxa Quantity/ 
code_______Taxa__________________________________________Quality
01320 Hydra sp. 4
03360 Plumatella sp. 0+
03600 Oligochaeta 303+
05800 Asellussp. 0+
06700 Crangonyxsp. 0+
08260 Orconectes (Crokerinus) sanbornii sanbornii 0+
11100 Baetissp. 0+
11300 Centroptilumsp. 0+
11400 Cloeonsp. 5+
11700 Pseudocloeon sp. 32+
13000 Leucrocuta sp. 1+
13120 Nixeperfida 0+
17200 Coenwsp. 2+
17608 Baetisca bajkovi 0+
21200 Calopteryxsp. 0+
22300 Arg/asp. 0+
23909 Boyeriavinosa 0+
24900 Gomphussp. 0+
32205 Amphinemura delosa 0+
34130 Acroneuria evoluta 6+
34500 Perlestasp. 8+
47600 Sialissp. 10+
48620 Nigronia serricornis 1+
52200 Cheumatopsyche sp. 4+
52530 Hydropsyche(H.)depravata group 0+
53800 Hydroptila sp. 0+
57900 Pycnopsyche sp. 0+
60300 Dineutussp. 1+
68130 Helichussp. 2+
68708 Dubiraphiavittata 0+
68901 Macronychus glabratus 9+
69400 Stenelmis sp. 0+
71100 Hexatomasp. 0+
72160 Psychodasp. 8
74100 Simuliumsp. 0+
74501 Ceratopogonidae 0+
77120 Ablabesmyia mallochi 34+
77500 Conchapelopia sp. 0+
77750 Hayesomyia senata 1
78450 Nilotanypus fimbriatus 1
78650 Procladius sp. 0+
80370 Corynoneura taris 224
80420 Cricotopus(C).bicinctus 17
80440 Cricotopus (C.) trifascia group 0+
81631 ParakiefferiellaType 1 69
81660 Parametriocnemus lundbecki 0+
81825 Rheocricotopus robacki 17
82141 Thienemanniellaprob.xena 259+
82730 Chironomus decorus group 17+
82770 Chironomus riparius group 34+
82820 Cryptochironomus sp. 0+
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Table 6.--Macroinvertebrate identification and abundance data at study sites, 1987-89-Continued

Collection date: 05/26/88
River code: 09-200
River: Leading Creek
River mile:___10.3_________________________________________________

Taxa Quantity/ 
code_______Taxa_________________________________________Quality

83002 Dicrotendipes modestus 103
83004 Dicrotendipes Type 4 17
83300 Glyptotendipes sp. 52+
83840 Microtendipes pedellus group 17+
84310 Phaenopsectraprob.dyari 69
84450 Polypedilum(P.)convictum 17+
84460 Polypedilum(P.)fallax 7
85500 Paratanytarsus sp. 52
85800 Tanytarsus sp. 103
85814 Tanytarsus glabrescens group 86
85840 Tanytarsus guerlus group 34
95100 Physellasp. 17+
96900 Ferrissiasp. 0+
97601 Corbicula manilensis 0+
98600 Sphaeriumsp. 0+

No. Quantity Taxa: 38 No. organisms: 1,737 
No. Quality Taxa: 50 1CI: 28 
Total Taxa: 68
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/25/88
River code: 09-205
River: Dexter Run
River mile: 0.7

Taxa
code Taxa

01320 Hydras?.
01801 Turbellaria
03360 Plumatella sp.
03600 Oligochaeta
05800 Asellussp.
07800 Cambarussp.
10550 Ameletussp.
11100 Baetissp.
11200 Ccdlibaetis sp.
11300 Centroptilum sp.
11400 Cloeonsp.
13000 Leucrocuta sp.
13120 Nixeperfida
15000 Paraleptophlebia sp.
26100 Cordulegaster sp.
27500 Somatochlora sp.
32205 Amphinemura delosa
33100 Leuctrasp.
34500 Perlestasp.
35570 hoperla transmarina
53112 Rhyacophila lobifera
57900 Pycnopsyche sp.
60900 Peltodytes sp.
61001 Dytiscidae
63300 Hydroporus sp.
66200 Cymbiodyta
68130 Helichussp.
68708 Dubiraphia vittata
69400 Stenelmissp.
71700 Pilariasp.
74501 Ceratopogonidae
77 1 20 Ablabesmyia mallochi
78650 Procladius sp.
79400 Zavrelimyia sp.
80350 Corynoneura sp.
80370 Corynoneura taris
80420 Cricotopus (C.) bicinctus
80550 Dipocladius cultriger
81631 ParakiefferiellaTypel
81825 Rheocricotopus robacki
82730 Chironomus decorus group
82780 Chironomus staegeri group
83158 Endochironomus nigricans
83840 Microtendipes pedellus group
84310 Phaenopsectra prob. ofyori
84315 Phaenopsectra flavipes
84460 Polypedilum (P.) fallax group
84750 Stictochironomus sp.
85501 Paratanytarsus Type 1
85625 Rheotanytarsus exiquus group
85802 Tartytarms Type 2
85814 Tany tarsus glabrescens group
86100 Chrysopssp.
94603 Pseudosuccinea columella
98200 Pisidiumsp.

Quantity/
Quality

38
0+
0+
6+

15+
0+
0+
0+
0+
0+

10+
21
17+
87+
0+
0+
0+
0+
7+
0+
0+
0+
0+
9+
0+
0+
0+

+
0+
0+
0+
4
0+

36
4

18
0+
4

11
4

22
4
4

36
22
25
4

33
4
4
4

11
0+
0+
0+

No. Quantity Taxa: 29
No. Quality Taxa: 35
Total Taxa: 56

No. organisms: 475 
Id: 28
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Table 6.-Macroinvertebrate identification and abundance data at studv sites. 1987-89--Continued

Collection date: 05/25/88
River code: 09-215
River: Tributary to Ogden Run
River mile: 1.0

Taxa
code Taxa

01320 Hydra sp.
03600 Oligochaeta
06700 Crangonyx sp.
07820 Cambarus (Cambarus) bartonii cavatus
10600 Siphlonwrus sp.
11100 Baetissp.
11300 Centroptilum sp.
11400 Cloeonsp.
117(X) Pseudocloeonsp.
13120 Nixeperfida
15000 Paraleptophlebia sp.
21700 Lwtessp.
22(X)1 Coenagriorddae
261(X) Cordulegaster sp.
275(X) Somatochlora sp.
32205 Amphinemwa delosa
34500 Perlestasp.
35210 Cultus decisus
35570 Isoperla transmarina
44501 Coruddae
53100 Rhyacophila sp.
53704 Dibusaangata
57000 Ironoquia sp.
60900 Peitodytes sp.
63300 Hydroporus sp.
63900 Laccophilus sp.
678(X) Tropisternus sp.
69400 Stenelmissp.
71700 Pilariasp.
71910 Tipula abdominalis
74501 Ceratopogonidae
77120 Ablabesmyia mallochi
775(X) Conchapelopia sp.
78650 Procladius sp.
79400 Zavrelimyiasp.
79720 Diamesasp.
80370 Corynoneura taris
80430 Cricotopus (C.) tremulus group
81270 Nanocladius (N.) spiniplenus
8 1 63 1 Parakiefferiella Type 1
8 1 632 Parakiefferiella Type 2
81712 Pseclrocladius psilopterus group
8 1 825 /? heocricotopus robacki
82730 Chironomus decorus group
83040 Dicrotendipes neomodestus
83300 Glyptotendipes sp.
83840 Microtendipes pedellus group
84210 Paratendipes albimanus
843 1 5 Phaenopsectra flavipes
84460 Polypedilum (P.)fallax group

Quantity/
Quality

18
7+
0+
0+
0+
0+
0+

17+
0+

51+
47+

0+
0+
1+
0+
0+
2+
1
0+
0+
0+
0+
0+
0+

10+
0+
0+
0+
0+
1
1+
3
7+
3+

37+
0+

56+
3
0+

14
3
7
3+

24
10

3
3
0+

64
7
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/25/88
River code: 09-215
River: Tributary to Ogden Run
River mile:___1.0_________________________________________________

Taxa Quantity/ 
code_______Taxa___________________________________________Quality

84470 Polypedilum (P.) illinoense 3
84750 Stictochironomus sp. 3+
84790 Tribelosfuscicorne 17
85501 ParatanytarsusTypQl 3
85802 Tanytarsus Type 2 3
85814 Tanytarsus glabrescens group 10
85840 Tanytarsus guerlus group 14
86200 Tabanussp. 0+
89501 Ephydridae 0+
95100 Physellasp. 2+

No. Quantity Taxa: 37 No. organisms: 469 
No. Quality Taxa: 42 ICI: 30 
Total Taxa: 63
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Table 6.~Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/25/88
River code: 09-546
River: Strongs Run
River mile: 5.9

Taxa 
code Taxa

01320 Hydra sp.
03360 Plumatella sp.
03600 Oligochaeta
06700 Crangonyx sp.
07820 Cambarus (Cambarus) bartonii cavatus
10550 Ameletus sp.
11100 Baetissp.
11200 Callibaetis sp.
11300 Centroptilum sp.
11400 Cloeonsp.
11700 Pseudocloeon sp.
13120 Nixeperfida
15000 Paraleptophlebia sp.
26100 Cordulegaster sp.
27500 Somatochlora sp.
34500 Perlestasp.
35570 Isoperla transmarina
61001 Dytiscidae
61400 Ago/wssp.
63300 Hydroporus sp.
68130 Helichussp.
71700 Pilariasp.
72160 Psychodasp,
72900 Cwtecsp.
74501 Ceratopogonidae
79400 Zavrelimyia sp.
80370 Corynoneura tea-is
8 163 1 Paratiefferiella Type 1
8 1 660 Parametriocnemus lundbecti
82 14 1 Tfuenemanniella prob. ;temz
82730 Chironomus decorus group
83000 Dicrotendipes sp.
83840 Microtendipes pedellus group
84210 Paratendipes albimanus
843 1 0 Phaenopsectra prob. dyari
84315 Phaenopsectra flavipes
84750 Stictochironomus sp.
85501 Paratanytarsus Type 1
85625 Rheotanytarsus exiquus group
85800 Tanytarsus sp.
85802 Tanytarsus Type 2
86100 Chrysopssp.
89501 Ephydridae
95100 Physellasp.

No. Quantity Taxa: 29 No. organisms: 607
No. Quality Taxa: 26 ICI: 24

Quantity/ 
Quality

24
0+

28+
2+
0+
0+
0+
0+
0+
1+
0+

13
2+
0+
0+

10+
4+
3
0+
0+
0+
1+
4
0+
6+

18
30
18
30
4

67
6

67+
6

30
165

18
18
6

12
6
0+
0+
8+
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	Table 6. Macroinvertebrate identification and abundance data at study sites. 1987-89 Continued

Collection date: 05/20/88
River code 09-546
Riven Strongs Run

River mile:___0.6_________________________________________________________

Taxa Quantity/ 
code_______Taxa____________________________________________________Quality

01320 Hydra sp. 96
03600 Oligochaeta 598
07820 Cambarus (Cambarus) bartonii cavatus 1+
11100 Baetissp. 1+
11300 Centroptilum sp. 0+
11400 Cloeonsp. 12+
11700 Pseudocloeon sp. . 1+
13120 Nixeperfida 13+
15000 Paraleptophlebia sp. 22+
27500 Somatochlorasp. 0+
28955 Plathemis lydia 0+
34500 Perlestasp. 21+
35570 Isoperla transmarina 0+
44501 Corixidae 0+
52200 Chewnatopsyche sp. 4+
61400 Agofcitfsp. 0+
63300 Hydroporus sp. 0+
67000 Helophorus sp. 0+
68708 Dubiraphiavittata 0+
71700 Pilariasp. 0+
74501 CercUopogonidae +
77120 Ablabesmyia mallochi 12+
78650 Procladiussp. 0+
80370 Corynoneura taris 25
80400 Cricotopus sp. 61
80420 Cricotopus (C.)bicinctus 0+
80430 Cricotopus (C.) tremulus group 0+
81400 Orthocladius sp. 0+
81631 ParakiefferiellaType 1 74+
81650 Parametriocnemus sp. 0+
81825 Rheocricotopus robacki 0+
82141 Thienemanniellaprob.xena 49+
82730 Chironomus decorus group 172+
82770 Chironomus riparius group 0+
82780 Chironomus stageri group 12+
83002 Dicrotendipes modestus 12+
83040 Dicrotendipes neomodestus 25
83050 Dicrotendipes lucifer 12
83051 Dicrotendipes simpsoni 61+
83158 Endochironomus nigricans 0+
83300 Glyptotendipes sp. 12+
83840 Microtendipes pedellus group 49+
84310 Phaenopsectraprob. dyari 86+
84315 Phaenopsectraflavipes 74
84470 Polypedilum(P.)illinoense 25+
84540 Polypedilum(Tripodura)scalaenumg[O\ip 25
84750 Stictochironomus sp. 0+
85500 Par at any tars us sp. 25
85800 Tanytarsus sp. 37+
85802 Tanytarsus Type 2 49
85814 Tanytarsus glabrescens group 37
85840 Tanytarsus guerlus gfovp 25+
86100 C/ir>w/w sp. 0+
95100 Physellasp. 48+

No. Quantity Taxa: 33 No. organisms: 1,776 
No. Quality Taxa: 44 ICI: 26 
Total Taxa: 55
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Table 6.--Macroinvertebrate identification and abundance data at study sites. 1987-89 Continued

Collection date: 05/26/88
River code: 09-549
River: Flatlick Run
River mile:___0.6________________________________________________

Taxa Quantity/ 
code_______Taxa__________________________________________Quality

01320 Hydra sp. 24
03360 Plumatella sp. 1
03600 Oligochaeta 364+
05800 Asellussp. 8+
07800 Cambarussp. 0+
08200 Orconectes sp. 1+
11100 Baetissp. 2+
11200 Callibaetis sp. 0+
11300 Centroptilum sp. 0+
11400 Cloeonsp. 5+
11700 Pseudocloeon sp. 1+
15000 Paraleptophlebia sp. 175+
16240 Eurylophella lutulenta 0+
17200 Caenwsp. 0+
18700 Hexageniasp. 0+
22001 Coenagrionidae 0+
23909 Boyeriavinosa 0+
24900 Gomphussp. 0+
25410 Progomphus obscurus 0+
27400 Neurocordulia sp. 1
32205 Amphinemura delosa 0+
34500 Perlestasp. 13+
35570 Isoperla transmarina 0+
43570 Neopleasp. 0+
44501 Corixidae 0+
47600 Sia/«sp. 16
48620 Nigronia serricornis 1
52200 Cheumatopsyche sp. 8
57900 Pycnopsyche sp. 0+
60300 Dineutussp. 0+
60400 Gyrmitfsp. 1
60900 Peltodytes sp. 0+
61001 Dytiscidae 1+
63300 Hydroporus sp. 0+
67500 Lflccotatfsp. 0+
67750 Sperchopsis tesselatus 0+
67800 Tropisternus sp. 0+
68130 Helichussp. 0+
68708 Dubiraphia vittata 0+
70700 Dicranotasp. 0+
71910 Tipula abdominalis 0+
74501 Ceratopogonidae 8+
77120 Ablabesmyia mallochi 0+
77500 Conchapelopia sp. 14
78650 Procladius sp. 0+
80370 Corynoneura taris 72
80420 Cricotopus (C.) bicinctus 0+
81631 ParaitiejferiellaTypel 14 
81660 Parametriocnemus lundbecki 0+
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Table 6. Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/26/88
River code: 09-549
River: Flatlick Run
River mile:___0.6_________________________________________________

Taxa Quantity/ 
code_______Taxa___________________________________________Quality

82141 Thienemanniella prob. xena 8
82730 Chironomus decorus group 113+
82770 Chironomus riparius group 56+
83002 Dicrotendipes modestus +
83050 Dicrotendipes lucifer 197
83840 Microtendipes pedellus group 211+
84100 Paracladopelma sp. 0+
84210 Paratendipes albimanus 0+
84315 Phaenopsectraflavipes 14
84440 Polypedilum (P.) aviceps 0+
84460 Polypedilum (P.)fallax group 28
84470 Polypedilum (P.) illinoense 0+
84520 Polypedilum (Tripodura) halterale group 0+
85501 Paratanytarsus Type 1 28
85800 Tanytarsus sp. 28
85802 Tanytarsus Type 2 85
85814 Tanytarsus glabrescens group 155
95100 Physellasp. 100+
96002 Helisoma anceps anceps 54+
98200 Pisidiumsp. 1+
98600 Sphaeriumsp. 8+

No. Quantity Taxa: 35 No. organisms: 1,816
No. Quality Taxa: 53 ICI: 28
Total Taxa: 71
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 05/25/88
River code: 09-554
River: Zinns Run
River mile: 0.5

Taxa
code Taxa

01320 Hydra sp.
03600 Oligochaeta
05800 Asellussp.
06700 Crangonyx sp.
07820 Cambarus (Cambarus) bartonii cavatus
08260 Orconectes (Crokerinus) sanbornii sanbornii
10600 Siphlonurus sp.
1 1 300 Centroptilum sp.
11400 Cloeonsp.
13120 Nixeperfida
15000 Paraleptophlebia sp.
21700 Lestessp.
27500 Somatochlorasp.
32205 Amphineura delosa
34500 Perlestasp.
35210 Culms decisus
35570 Isoperla transmarina
53100 Rhyacophilasp.
53704 Dibusa angata
57000 Ironoquiasp.
59700 Triaenodes sp.
63300 Hydroporus sp.
68130 Helichussp.
69400 Stenelmissp.
70800 Eriopterasp.
71700 Pilariasp.
72700 Anopheles sp.
74501 Ceratopogonidae
78200 Larsiasp.
80370 Corynoneura taris
80400 Cricotopus sp.
82730 Chironomus decorus group
82770 Chironomus riparius group
83840 Microtendipes pedellus group
84210 Paratendipes albimanus
84310 Phaenopsectra prob. rfyan
843 1 5 Phaenopsectra flavipes
86100 CTiotfo/wsp.
95100 Physellasp.

No. Quantity Taxa: 15 No. organisms: 162
No, Quality Taxa: 31 ICI: 26

Quantity/
Quality

6
0+
0+
0+
0+
0+
0+
0+
9+

87+
3+
0+
Qi-
Qi-
0+
2+
Qi-
0+
Qi-
0+
Qi-
Qi-
Qi-
Qi-
0+
Qi-
Qi-
1+
1
3
0+

12
6+
3
3
1

10
0+
5+
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Table 6.--Macroinvertebrate identification and abundance data at study sites, 1987-89-Continued

Collection date: 06/30/87
River code: 09-200
River: Leading Creek

River mile: 24.3_________________________________________________

Taxa Quantity/ 
code_______Taxa_____________________________________________Quality

03360 Plumatellasp. 3
07820 Cambarus (Cambarus) bartonii cavatus 0+
08200 Orconectes sp. 0+
13400 Stenacronsp. 5+
13580 Stenonema tripunctatum 0+
15000 Paraleptophlebiasp. 4
47600 Stalls sp. 4+
48620 Nigronia serricornis 0+
51400 Nyctiophylax sp. 1
52200 Cheumatopsyche sp. 0+
52530 Hydropsyche (H.) depravata group 0+
63300 Hydroporus sp. 1
67000 Helophorus sp. 0+
67700 Paracymussp. 0+
69400 Stenelmissp. 4+
71100 Hexatomasp. 0+
74501 Ceratopogonidae 4
77120 Ablabesmyia mallochi 24
77500 Conchapelopia sp. 12
77750 Hayesomyia senata 24
77800 Helopelopia sp. 0+
78401 Natarsia species A 0+
78650 Procladius sp. 12
80370 Corynoneura taris 24
81825 Rheocricotopus robacki 0+
82121 Thienemanniellarx.fusca 12
82820 Cryptochironomus sp. 36+
83004 DicrotendipesType4 12
83051 Dicrotendipes simpsoni 96
83820 Microtendipes caelum 48+
84210 Paratendipes albimanus 12
84315 Phaenopsectraflavipes 12
84450 Polypedilum(P.)convictum 0+
84460 Polypedilum(P.)fallaxgroup 191
84470 Polypedilum(P.)illinoense 0+
84540 Polypedilum (Tripodura) scalaenum group 24+
84790 Tribelosfuscicorne 12
85500 Paratanytarsus sp. 108
85615 Rheo tony tarsus distinctissimus group 0+
85625 Rheotanytarsus exiquus group 0+
85800 Tanytarsus sp. 84
85814 Tanytarsus glabrescens group 191+
85840 Tanytarsus guerlus group 24+
86100 Oiry.s0p.ssp. 0+
87501 Empididae 4
95100 Physellasp. 1 +
96900 Ferrissiasp. 11
98600 Sphaeriumsp. 0+

No. Quantity Taxa: 30 No. organisms: 1,000
No. Quality Taxa: 27 Id: 26 
Total Taxa: 48
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Table 6. Macroinvertebrate identification and abundance data at study sites. 1987-89 Continued

Collection date: 06/30/87
River code 09-200
River: Leading Creek
River mile: 10.3________________________________________________________

Taxa Quantity/ 

code_______Taxa_______________________________________________Quality

03600 Oligochaeta 8
08200 Orconectes sp. 0+
11400 Cloeonsp. 3
21300 Hetaerinasp. 8
23909 Boyeriavinosa 0+
34130 Acroneuria evoluta 2+
47600 Sialissp. 4
50315 Chimarra obscura 0+
51600 Polycentropus sp. 4
52200 Cheumatopsyche sp. 0+
52530 Hydropsyche (H.) depravata group 0+
53800 Hydroptilasp. 8
60300 Dineutussp. 0+
60400 Gyrinussp. 3
68130 Helichussp. 0+
68601 Ancyronyx variegata 9
68708 Dubiraphia vittata 0+
68901 Macronychus glabratus 24
71100 Hexatomasp. 0+
74100 Simuliumsp. 0+
74501 Ceratopogonidae 4
77120 Ablabesmyia mallochi 117
77130 Ablabesmyia rhamphe group 26
77750 Hayesomyia senata 0+
77800 Hehpelopia sp. 13
78140 Labrundinia pilosella 26
78650 Procladius sp. 26
80370 Corynoneura taris 4 
82141 Thienemanniellaprob.xena . 0+
82820 Cryptochironomus sp. 39
82826 Cryptochironomus blarina Type 13
83051 Dicrotendipes simpsoni 13
83410 Harnischia curtilamellata 13
83900 Nilothaumasp. 13
84310 Phaenopsectraprob.dyari 26
84460 Polypedilum(P.)fallaxgrovp 13
84470 Polypedilum(P.)ilHnoense 13+ 
84540 Polypedilwn (Tripodura) scalaenum group 78
84790 Tribelosfuscicorne 13
84800 Tribelos jucundum 13
85625 Rheotanytarsus exiquus group 0+
85800 Tanytarmysp. 13+
85802 Tanytarsus Type 2 91
85814 Tanytarsus glabrescens group 247
85840 Tanytarsus guerlus group 39
86100 C/i/ysopssp. 12
87501 Empididae 24+
95100 Physellasp. 0+
97601 Corbicula manilensis 0+
98200 Pisidiwnsp. 75
98600 Sphaeriumsp. 0+

No. Quantity Taxa: 35 No. organisms: 1,037
No. Quality Taxa: 20 ICI: 32
Total Taxa: 51
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Table 6.-Macroinvertebrate identification and abundance data at study sites. 1987-89-Continued

Collection date: 06/30/87
River code: 09-205
River: Dexter Run
River mile: 0.7_________________________________________________

Taxa Quantity/ 
code_______Taxa_________________________________________Quality

08260 Orconectes (Crokerinus) sanbornii sanbornii 0+
13580 Stenonema tripunctatum 0+
18700 Hexageniasp. 0+
27500 Somatochlora sp. 0+
34100 Acroneuria sp. 0+
47600 Stalls sp. 0+
95100 Physellasp. 0+

No. Quantity Taxa: 0 No. organisms: 0 
No. Quality Taxa: 7 ICI: 
Total Taxa: 7
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Table 6.--Macroinvertebrate identification and abundance data at studv sites. 1987-89-Continued

Collection date: 07/01/87
River code: 09-546
River: Strongs Run
River mile: 0.6

Taxa 
code Taxa

03600 Oligochaeta
08260 Orconectes (Crokerinus) sanbornii sanbornii
18700 Hexageniasp.
45300 Sigarasp.
47600 Sialissp.
52200 Cheumatopsyche sp.
63300 Hydroporus sp.
67300 Hydrochussp.
67500 Laccobius sp.
67700 Paracymussp.
67800 Tropisternus sp.
68700 Dubiraphia sp.
70501 Tipulidae
74501 Ceratopogonidae
78650 Procladiw sp.
80410 Cricotopus (C.) sp.
82730 Chironomus decorus group
84470 Polypedilum (P.) illinoense
84520 Polypedilum (Tripodura) halterale group
84540 Polypedilum (Tripodura) scalaenum group
86100 Chrysopssp.
98200 Pisidiumsp.
98600 Sphaeriumsp.

Quantity/ 
Quality

0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+

No. Quantity Taxa: 0 No. organisms: 
No. Quality Taxa: 23 ICI: 
Total Taxa: 23
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Table 6.--Macroinvertebrate identification and abundance data at study sites. 1987-89--Continued

Collection date: 07/01/87
River code: 09-549
River: Hatlick Run
River mile: 0.6

Taxa 
code Taxa

08200 Orconectes sp.
11100 Baetissp.
11400 Cloeonsp.
17200 Caenissp.
22300 Argiasp.
23600 Aeshna sp.
23909 Boyeriavinosa
24900 Gomphussp.
25410 Progomphus obscurus
26100 Cordulegastersp.
47600 Sialissp.
52200 Cheumatopsyche sp.
65700 Anacaenasp.
67000 Helophorus sp.
67500 Laccobius sp.
68130 Helichussp.
68700 Dubiraphia sp.
77120 Ablabesmyia mallochi
77500 Conchapelopia sp.
77800 Helopelopia sp.
82820 Cryptochironomus sp.
84210 Paratendipes albimanus
84540 Polypedilum (Tripodura) scalaenum group
84750 Stictochironomus sp.
84800 Tribelos jucundum
85264 Cladotanytarsus vanderwulpi group Type 4
85800 Tanytarsus sp.
85802 Tanytarsus Type 2
85814 Tanytarsus glabrescens group
85815 Tanytarsus glabrescens group Type 1
87501 Empididae
94400 Fossariasp.
95100 Physellasp.
98600 Sphaeriumsp.

Quantity/ 
Quality

0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+

No. Quantity Taxa: 0 No. organisms: 0 
No. Quality Taxa: 36 ICI: 
Total Taxa: 36
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Table 7. Fish abundance and diversity at study sites, 1987-89

[biological data collected by the Ohio Department of Natural 
Resources from 1987 through 1989 at the eight sites shown in

figure 3]

River: Leading Creek below Carpenter, Ohio

Date collected: 05/21/87

River mile: 24.30

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Day

Leading Creek at bridge on Township Road 13 
(Stoneart Road) north of Dyesville, Columbia 
Township, Meigs County.

D. Rice, H. Payne 

1,750-watt electroshocker

Water levels at normal spring flows. Stream 
entrenched with poor riffle development. Substrates 
primarily sand and fine gravels; some shale also 
present. Sampled a distance of 150 meters.

Species Collected

Scientific name

Hypentelium nigricans 
Catostomus commersoni 
Rhinichthys atratulus 
Semotilus atromaculatus 
Notropis ardens 
Notropis chrysocephalus 
Ericymba buccata 
Pimephales notatus 
Campostoma anomalum 
Percopsis omiscomaycus 
Micropterus punctulatus 
Lepomls megalotis 
Percina maculata 
Percina caprodes 
Etheostoma nigrum 
Etheostoma flabellare

Common name

Northern hog sucker 
White sucker 
Blacknose dace 
Creek chub 
Rosefin shiner 
Striped shiner 
Silverjaw minnow 
Bluntnose minnow 
Central stoneroller 
Trout-perch 
Spotted bass 
Longear sunfish 
Blackside darter 
Logperch 
Johnny darter 
Fantail darter

Number of 
individuals

3
28
10

150
85
64
24
70
16
40
1

10
4
3

31
17
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Table 7. Fish abundance and diversity at study sites, 1987-89-
Continued

River: Leading Creek below Carpenter, Ohio

Date collected: 10/06/87

River mile: 24.30

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Afternoon

Leading Creek at bridge on Township Road 13 
(Stoneart Road) north of Dyesville, Columbia 
Township, Meigs County.

D. Rice, G. Phinney 

6' x 8', 3/16" ace mesh seine

Water levels low, very little flow over riffle 
areas. Stream essentially a series of pools. 
Depths varied from 6 to 18 inches in the pools 
sampled. Worked a distance of 150 meters. 
There wasn't enough water in the stream to 
use the shocker this time.

Species Collected

Scientific name

Catostomus commersoni 
Rhinichthys atratulus 
Semotilus atromaculatus 
Notropis ardens 
Notropis chrysocephalus 
Ericymba buccata 
Pimephales notatus 
Campostoma anomalum 
Ictalurus natalis 
Percopsis omiscomaycus 
Pomoxis annularis 
Lepomis cyanellus 
Lepomis megalotis 
Percina maculata 
Etheostoma nigrum 
Etheostoma flabellare

Common name

White sucker 
Blacknose dace 
Creek chub 
Rosefin shiner 
Striped shiner 
Silverjaw minnow 
Bluntnose minnow 
Central stoneroller 
Yellow bullhead 
Trout-perch 
White crappie 
Green sunfish 
Longear sunfish 
Blackside darter 
Johny darter 
Fantail darter

Number of 
individuals

9
1

87
226
167
76

102
14
2

26
2
1

10
9

21
2
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Table 7. Fish abundance and diversity at study sites, 1987-89-
Continued

River: Leading Creek near Langsville, Ohio

Date collected: 05/14/87

River mile: 10.30

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Morning

Leading Creek at bridge on Township Road 41 east of 
Rutland, Ohio, Rutland Township, Meigs County.

D. Rice, H. Payne

1,750-watt-electroshocker and 12' boat

Water levels at what appears to be a normal spring 
flow. Riffles had 12 to 18 inches of water on them. 
Riffle and pool substrates a mixture of sand, 
gravel, and small cobble. Riffle development 
relatively poor in this stretch. A long, deep pool 
extending upstream from the bridge was too deep to 
wade in places. Water was moderately turbid. 
Sampled 200 meters, 115 below the bridge and 
85 above. Adult silver lampreys were collected on 
the first riffle below the bridge. Three lampreys 
were sighted, but only two were collected (both were 
preserved).

Scientific name

Ichthyomyzon unicuspis 
Dorosoma cepedianum 
Carpiodes cyprinus 
Moxostoma erythrurum 
Hypentelium nigricans 
Minytrema melanops 
Semotilus atromaculatus 
Phenacobius mirabilis 
Notropis atherinoides 
Notropis chrysocephalus 
Notropis spilopterus 
Notropis stramineus 
Notropis volucellus

Species Collected

Common name

Silver lamprey 
Gizzard shad 
Quillback carpsucker 
Golden redhorse 
Northern hog sucker 
Spotted sucker 
Creek chub 
Suckermouth minnow 
Emerald shiner 
Striped shiner 
Spotfin shiner 
Sand shiner 
Mimic shiner

Number of 
individuals

2
8
1

12
57
1

96
2

34
2
1

15
489
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Species Collected Continued

	Number of 
Scientific name Common name individuals

Ericymba buccata Silver jaw minnow 16
Pimephales notatus Bluntnose minnow 79
Campostoma anomalum Central stoneroller 55
Ictalurus natalis Yellow bullhead 2
Percopsis omiscomaycus Trout-perch 2
Pomoxis annularis White crappie 1
Micropterus dolomieui Smallmouth bass 2
Micropterus punctulatus Spotted bass 6
Micropterus salmoides Largemouth bass 1
Lepomis macrochirus Bluegill sunfish 2
Lepomis megalotis Longear sunfish 24
Percina maculata Blackside darter 1
Percina caprodes Logperch 1
Etheostoma nigrum Johnny darter 5
Etheostoma flabellare Fantail darter 39
Aplodinotus grunniens Freshwater drum 5
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Table 7. Fish abundance and diversity at study sites, 1987-89-
Continued

River: Leading Creek near Langsville, Ohio

Date collected: 09/21/87

River mile: 10.30

Comments:

Time:

Location:

Collectors: 

Equipment:

Conditions:

Morning

Leading Creek at bridge on Township Road 41 east of 
Rutland, Ohio, Rutland Township, Meigs County.

D. Rice, G. Phinney

1,750-watt -electroshocker and 6' x 10', 3/16" ace 
mesh seine

Sampled a total of 200 meters (85 above and 115 
below the bridge). Streamflow greatly reduced with 
barely a trickle on the riffles. Stream itself is 
relatively entrenched with poor riffle development. 
Riffles are short and composed of gravel and small 
cobble. Pool substrates composed of sand, gravel, 
and silt. One large pool extends from the bridge 
upstream. Depths went from 4 feet in the bridge 
pool to an average of about 2 feet in downstream 
pools. Some submerged roots and limbs provided 
additional cover. Stream banks were relatively 
steep, 10 to 15 feet, with a thin riparian corridor.

Scientific name

Dorosoma cepedianum 
Moxostoma erythrurum 
Hypentelium nigricans 
Catostomus commersoni 
Minytrema melanops 
Cyprinus carpio 
Rhinichthys atratulus 
Semotilus atromaculatus 
Notropis atherinoides 
Notropis rubellus 
Notropis ardens 
Notropis chrysocephalus

Species Collected

Common name

Gizzard shad 
Golden redhorse 
Northern hog sucker 
White sucker 
Spotted sucker 
Common carp 
Blacknose dace 
Creek chub 
Emerald shiner 
Rosyface shiner 
Rosefin shiner 
Striped shiner

Number of 
individuals

54
15
15
5
3
4
8

138
7
1
1
5
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Species Collected Continued

	Number of 
Scientific name Common name individuals

Notropis spilopterus Spotfin shiner 3
Notropls stramineus Sand shiner 27
Ericymba buccata Silverjaw minnow 3
Pimephales notatus Bluntnose minnow 175
Campostoma anomalum Central stoneroller 105
Ictalurus natalis Yellow bullhead 15
Percopsis omiscomaycus Trout-perch 1
Micropterus dolomieui Smallmouth bass 1
Micropterus punctulatus Spotted bass 9
Lepomis macrochirus Bluegill sunfish 1
Lepomis megalotis Longear sunfish 30
Percina caprodes Logperch 1
Etheostoma nigrum Johnny darter 13
Etheostoma flabellare Fantail darter 24
Aplodinotus grunniens Freshwater drum 2
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Table 7. Fish abundance and diversity at study sites, 1987-89-
Continued

River: Dexter Run near Dexter, Ohio

Date collected: 05/21/87

River mile: 0.80

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Day

Dexter Run at bridge on County Road 4 (Bowles Road), 
Section 11, Salem Township, Meigs County.

D. Rice, Scott -

6' x 10', 3//16" ace mesh seine

Started sampling below the bridge where a small 
tributary enters at the base of the hill. The 
stream flows along the base of a wooded hillside 
with sandstone outcrops. The stream bottom varies 
between bedrock, gravels, sand, and silt. Riffles 
are poorly developed and composed primarily of fine 
gravels. Deepest pool went to 3 feet with bedrock 
substrates. Some roots and other debris present. 
Stream width averages 10 feet. Also sampled long 
pool right at the bridge. Pool was 3 feet deep and 
stagnant. Most of the shoreline woody vegetation 
had been removed, and there was an oil scum on the 
surface. The only fish caught here were 2 carp and 
2 green sunfish. Sampled for 150 meters below the 
pool.

Scientific name

Catostomus commersoni 
Semotilus atromaculatus 
Notropis rubellus 
Notropis ardens 
Notropis chrysocephalus 
Pimephales notatus 
Micropterus punctulatus 
Lepomis megalotis 
Etheostoma nigrum

Species Collected

Common name

White sucker 
Creek chub 
Rosyface shiner 
Rosefin shiner 
Striped shiner 
Bluntnose minnow 
Spotted bass 
Longear sunfish 
Johnny darter

Number of 
individuals

1
18
48
32
17
4
2
1
1
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Table 7. Fish abundance and diversity at study sites/ 1987-89'
Continued

River: Flatlick Run near Wilkesville, Ohio

Date collected: 05/14/87

River mile: 0.60

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Day

Flatlick Run at. bridge on County Road 8, Section 8, 
Wilkesville Township, Vinton County.

D. Rice, H. Payne

1,750-watt .electroshocker and longline

Sampled a distance of 145 meters downstream from the 
bridge. Stream is entrenched and meanders through 
bottomland forest in this area. Banks were steep 
and 10 to 15 feet in height. Stream characterized 
by pools interconnected by short, poorly developed 
riffles. Substrates were primarily sand and gravel 
with silt and organic debris in the pools. Logs 
and woody debris provided additional cover in 
the stream channel. Pool depths went to about 
3 1/2 feet at time of sample.

Species Collected

Scientific name

Lampetra aepyptera 
Esox americanus 
Catostomus commersoni 
Minytrema melanops 
Notemigonus crysoleucas 
Rhinichthys atratulus 
Semotilus atromaculatus 
Notropis ardens 
Notropis chrysocephalus 
Ericymba buccata 
Pimephales notatus 
Lepomis cyanellus 
Lepomis macrochirus 
Lepomis megalotis 
Percina sciera sciera

Common name

Least brook lamprey 
Grass pickerel 
White sucker 
Spotted sucker 
Golden shiner 
Blacknose dace 
Creek chub 
Rosefin shiner 
Striped shiner 
Silverjaw minnow 
Bluntnose minnow 
Green sunfish 
Bluefill sunfish 
Longear sunfish 
Dusky darter

Number of 
individuals

4
3
8
3
1
8

52
29
4

24
118

3
3

15
1
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Species Collected Continued

Number of 
Scientific name Common name individuals

Percina maculata Blackside darter 8
Etheostoma nigrum Johnny darter 4
Etheostoma flabellare Fantail darter 9
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Table 7. Fish abundance and diversity at study sites, 1987-89 
Continued

River: Strongs Run near Ewington, Ohio

Date collected: 05/14/87

River mile: 0.60

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Day

Strongs Run at the bridge on Adney Road, south edge 
of Section 1, Huntington Township, Gallia County.

D. Rice, H. Payne

1,750-watt electroshocker and longline

Channel substrates composed entirely of loose, 
shifting sand. Roots and logs in the channel 
provided some fish structure. Pool's depth went 
to 3 feet, but averaged about 12 inches. Silt was 
present on most bottom areas. The riparian zone 
was rather narrow at this point. A distance of 
140 meters was sampled above and below the bridge. 
One ammocoete collected, presumed to be a least 
brook lamprey.

Species Collected

Scientific name

Lampetra aepyptera 
Catostomus commersoni 
Minytrema melanops 
Semotilus atromaculatus 
Notropis ardens 
Notropis chrysocephalus 
Ericymba buccata 
Pimephales notatus 
Ictalurus natalis 
Lepomis cyanellus 
Lepomis megalotis 
Percina sciera sciera 
Percina maculata 
Etheostoma nigrum 
Etheostoma flabellare

Common name

Least brook lamprey 
White sucker 
Spotted sucker 
Creek chub 
Rosefin shiner 
Striped shiner 
Silverjaw minnow 
Bluntnose minnow 
Yellow bullhead 
Green sunfish 
Longear sunfish 
Dusky darter 
Blackside darter 
Johnny darter 
Fantail darter

Number of 
individuals

1
4
3

36
37
4

17
128

3
4

21
5
3
2
4
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Table 7. Fish abundance and diversity at study sites, 1987-89-
Continued

River: Strongs Run near Wilkesville, Ohio

Date collected: 05/21/87

River mile: 5.90

Comments:

Time:

Location:

Collectors 

Equipment: 

Conditions

Day

Strongs Run at bridge on Township Road 24 (Tower 
Road), Section 33, Salem Township, Meigs County.

D. Rice, Scott

6 1 x 10', 3/.16" ace mesh seine

Stream bordered primarily by pasture in this 
section. Channel is very narrow (5-10 feet) and 
shallow, average depth varying from 1 to 6 inches. 
Channel substrates almost all loose, shifting sand. 
Pools were small and relatively shallow, the deepest 
about 2 feet. Riffles were short, poorly developed, 
and widely spaced. Riffle substrates included some 
fine gravels. Some roots and logs in the channel 
provided additional cover for fish. Hybrids 
appeared to be rosefin shiner and creek chub. 
Sampled total distance of 150 meters above the 
bridge.

Species Collected

Scientific name

Semotilus atromaculatus 
Notropis ardens 
Notropis chrysocephalus 
Campostoma anomalum 
HYBRID
Lepomis cyanellus 
Lepomis megalotis 
Percina maculata

Common name

Creek chub 
Rosefin shiner 
Striped shiner 
Central stoneroller 
Hybrid x minnow 
Green sunfish 
Longear sunfish 
Blackside darter

Number of 
individuals

6
11
6
1
3
1
1
1

71


